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Introduction 


Until quite recently, one could say that 
there were three schools in the study of 
apical meristems in vascular plants. The 
German-Swiss school gives detailed histo- 
logical study of the “ cell-net ’’, often with 
interpretative analysis mathematically. 
It was in this school that Schmidt ( 1924 ) 
originated the terms “‘ tunica ”” and “ cor- 
pus ” in a study of apices of decussate 
dicotyledons. An outstanding example 
of the geometrical analysis is in Schiiepp’s 
(1952) analysis of Foster’s ( 1943 ) study 
of Microcycas calocoma. A structural 
Anglo-American school (particularly in the 
U.S.A., one might refer to the photomicro- 
graphic school) gives a wide taxonomic 
range of histological descriptions with 
discussion of types of organization of the 
apical meristem (e.g. Popham, 1951). 
Priestly & Swingle (1929) were among 
‘the pioneers of this school in which arose, 
primarily from Korody’s work on some 
Abietaceae (1937), Foster’s work on 
Ginkgo (1938) and Cycas (1939), and 
Johnson’s work on Zamia (1939), the 
present recognition that the tunica-corpus 
organization is not universal, particularly 
for the gymnosperms!. Another, a func- 


1. In 1890 and 1891 Duliot had clearly des- 
cribed the organization of the angiosperm. apex, 
almost exactly as was done later by Schmidt in 
1924, but without formulating special terms. He 
also said that the apex of gymnosperms — to 
him, conifers including Ginkgo — corresponds to 
the ‘‘central cylinder” of the angiosperm 
apex, devoid of any discrete outer layers. 


tional, Anglo-American school has as- 
saulted and cultured the apex in a study 
of morphogenetic origins and processes. 
Pioneering this school are M. Snow & 
R. Snow (1931) on primordial origins, 
in England, and Wardlaw (1943, 1947) 
in England, and Ball ( 1946, 1948 ) in the 
U.S.A. with emphasis on histology and 
the limits of the apex. Now there has 
appeared a fourth school, a French cyto- 
logical school, originating around the 
work of Plantefol (1947). It studies, in 
the first instance, not the pattern of the 
cell-net, its analysis or types, nor apical 
behaviour under manipulative control, but 
rather the pattern of the actual meriste- 
matic activity itself (not the structural 
results of it) as manifested in the dis- 
tribution of mitoses and the .pattern of 
the chondriomic and cytoplasmic states 
(e.g. Buvat, 1952). 

The present author, believing that it 
is desirable to study at the cellular level, 
not only the results of mutilating the 
living apex, but also the normally living 
apex as far as it is possible to do it with- 
out mutilation, made a short preliminary 
trial of such a study, some two years ago. 
The results were encouraging, but too 
slight to warrant separate publication. 
With the appearance, however, of a paper 
from this new French school, they are now 
worth being extracted from a long review 
paper in preparation, for presentation in 
relation to this new setting. Some re- 
levant evidence from the cambium, aris- 
ing in the author’s present work, will be 
included. 
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Lance ( 1952), supporting the concepts 
of Plantefol (1947), has studied the 
occurrence of mitoses in the apex at stated 
periods throughout the day. From her 
evidence, she concluded that cell division 
is almost, if not quite, absent from the 
central region of the apex, and that con- 
sequently, as asserted by Plantefol, apical 
initials could not be present actively in 
such an apex even though growth of the 
shoots were occurring. If one or more 
initials were there, she would expect 
mitoses to appear more frequently in that 
region than at a little distance from the 
centre. In the records she obtained, 
however, mitoses were absent from the 
central region, but were in relatively 
great frequency over an annular ( in cross- 
section ) zone slightly removed from the 
central region. It is to this “ initial 
ring” (“initium annulaire” = “ an- 
neau initial’ of Plantefol, 1947 ) that she 
attributes the origin of all the plant 
structure in the vegetative phase. The 
apical initials by their activity may have 
organized the apex while the embryo 
was germinating, but, thereafter, the api- 
cal initial region remains quiescent until 
the reproductive phase sets in. 

It seems to me that the situation is 
not quite so simple as would appear from 
the conclusion of Lance, for she seems 
not to have considered the effect of dif- 
ferent rates for the different phases of 
activity in a meristem — particularly cell 
enlargement and cell division — nor the 
possibility of difference in activity, re- 
lated to difference in phase of a plasto- 
chrone. For this question it would ob- 
viously be important to have records of 
the actual observed rate, or even presence 
or absence of cell partitioning (i.e. of 
mitoses when division figures of the 
nucleus are not observable). It was to 
this point that was addressed the work 
on the living apex now to be described. 
It concerns only the superficial layer, 
and the opportunity for the study was 
only of short duration. But it seems well 
to call attention to it now as a basis of 
discussion of matters raised by Lance, 
and to add to it observations on the 
cambial meristem that are analogous. 
The record of procedure and observation 
may be of use to any who might have 
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opportunity to repeat and extend such 
work. 

I shall call the initiating cells at the 
apex of seed plants, “ apical cells ”, for 
the sake of historical continuity, even 
though they are not visually recognizable 
by their constitution (as they are in 
pteridophytes, bryophytes, and some 
algae). They are “ apical cells ’’ because 
of their function, not because of their 


‘look’, however convenient this may be 


in many cases to the investigator. 


The Apex: Material and Methods 


If the apical cells of the stems of seed | 


plants are without either distinguishing 
form or plainly and precisely patterned 
partition sequence, no single view of an 
apex will reveal them. Series of observa- 
tions of successive views, in which parti- 


tion sequence is recorded, will be required 


to reveal their existence?. Obviously, 
any of the usual methods of sectioning 
apices for microscopical examination will 
be useless for a sequence of views. The 
immediate possibility, then, is to make 


observations on the surface of a growing : 


apex at successive intervals of time, so 
as to observe the sequence of partitions 
in the surface layer. This would be 
relevant to that layer only, but positive 
information even for that one layer would 
be powerful support for the logical pro- 
position that there must be apical cells, 


2. Possibly some chemical, or even physical, 
test might be devised to reveal these cells, for 
some submicroscopic or amicroscopic difference 
must account for the differentiality of division. 
Polarity studies (see Bünning, 1952 ) may lead 
to them. Helm (1932), by microchemical 
methods, including a catalase reaction, has 
identified the site of procambium while the 
meristematic tissue still showed no structural 
differentiation of it. Staining techniques based 
on Lange’s methods (1927) (see also Foster, 
1934) so clearly reveal groups of cells within 
“mother-cell’’ walls that such methods seem 
possible for identification of apical cells by 
inference from cell lineages. Such observations 
were claimed by Dingler ( 1886 ), Duliot ( 1890 ) 
and Korody (1937-38 ). Johnson (1951 ) states 
that this has not yet been achieved, but he 
stresses too strongly the apical cell with “ three 
cutting faces’, a special form of it to which 
Dingler ( particularly p. 33 ), Duliot, and Korody 
did not bind themselves. 

3. The argument will be set out in a paper now 
in preparation, 
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The manipulative problem was to main- 
tain an apex growing under circum- 
stances wherein its surface could be ex- 
amined microscopically, over a period of 
days, at a magnification of not less than 
100. This involved removing the over- 
arching immature leaves, and bringing 
incident light to bear on it without glare 
or the confusion of shining reflections. 
Two methods of illumination are possible: 
(1) By a type of vertical illuminator that 
takes in the light above the objective and 
reflects it down, either (a) within the 
optical path, or (b) surrounding the 
optical path of the objective; (2) By 
passing the light up, past the object, 
to a reflector of annular form and curved 
surface, surrounding the objective, so that 
the light does not directly enter the front 
lens, but is reflected back on to the object. 
Of the commercial types tried under (1): 
(a) had much internal glare; (b) had 
a glass converging-cone that reduced the 
working distance of the objective too 
much. Under (2), an improvized hemi- 
spherical reflector was successful, made by 
moulding thin aluminium foil (actually 
a milk-bottle top) around the end of a 
large test tube of suitable radius ( = the 
working distance of the objective -+ the 
approximate distance above the front 
lens at which the reflector might con- 
veniently be attached). The reflector, 
correctly placed (by sliding it up and 
down the objective and fixing it with 
plasticene ), gave a brilliant illumination, 
with little glare and without reducing the 
working distance of the objective. 

Leading the light past the object pro- 
hibited the examination of apices attached 
to the plant. For these trials, therefore, 
apices detached from the plant were used. 
To minimize the necessity of working 
under the complication of sterile condi- 
tions, no attempt was made to use nutri- 
ent media for maintaining the apices. 
They were merely cut off about 15 mm in 
length, and the cut end immediately im- 
mersed in water, or the whole put in a 
bottle containing wet cotton-wool. At 
the final mounting, a fresh cut was made 
under water to give about 8-12 mm 
length, after which the end was kept con- 
tinually immersed. It was hoped that, 
having chlorophyll present in the young 
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stem, the object would remain active long 
enough to give some indication of at 
least the rate of partition, and possibly a 
hint of an initiation centre. All leaves 
were eliminated, except the most recent 
primordia not overarching the apex, and 
the object was mounted in a plasticene 
bridge prepared in a small petri dish con- 
taining tap water. It is necessary to have 
the contact surfaces of plasticene and stem 
dry to prevent seepage of water into the 
plasticene cup that is to be built around 
the apex. The diameter of the structure 
must be such as to cast a shadow covering 
only the front lens of the objective, and 
the height of the rim of the cup and the 
spread of the reflector such as to exclude, 
as far as possible, light from the inner walls 
and floor of the cup, to reduce glare. 
The illuminant was an ordinary “‘ pearl ” 
electric globe reflected by the concave 
microscope mirror without a condenser. 
The arrangement is shown in Figs. 1-3. 

Several types of apex were tried; but 
records were obtained only with Tropaeo- 
lum majus (alternate phyllotaxy ) and a 
Coleus sp. (decussate phyllotaxy ), re- 
presenting different difficulties in mani- 
pulation. In the alternate type, during 
initial enlargement of a primordium, 
asymmetric growth in the stem apex 
inclines the apical surface, so that it is 
most difficult, if not impossible, to insure 
that the microscopic terminal: region will 
be viewed in a truly vertical manner. 
Even were this achieved at the first, the 
apical centre would become inclined later 
during the period of observation. Thus 
it is almost impossible to select the centre 
of the apex by symmetry. Moreover, 
with the changes in inclination, apparent 
shapes and sizes of cells may alter. The 
primordia are well to the side, and if a 
shadow is caused, it tends to be from one 
only. In the decussate type, there is no 
inclining; the central surface of the apex 
can be placed transversely, and will re- 
main so throughout the study. But the 
youngest primordia, standing erect, may 
from the beginning cast shadows from 
opposite sides over the most signifi- 
cant region, making observation difficult. 
Moreover these primordia, unless they are 
extremely young, demand a long working 
distance in the objective. 
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D Fad. 


Fies. 1-3 — Method of viewing living apices. 
Fig. 1. Side plan of arrangement of culture on 
the microscope. Plasticene, stippled; shoot, 
black; water, horizontal shading. a, microscope 
stage; b, small petri dish; c, water; d, bridge; 
e, cup; f, tip of shoot; g, objective; h, reflector; 
i, plasticene to hold A in position; 7, microscope 
mirror. Fig. 2. Outside perspective view of 
reflector made from thin aluminium foil. Fig. 
3. Transverse plans of plasticene cup (4) and 
bridge (B) at the labelled levels in Fig. 1. 


The above difficulties — shadow and 
inclining surfaces — and curvature of the 
apical surface, precluded photography 
under the then circumstances of work. 
With the camera lucida, satisfactory draw- 
ings could be made. Within the time 
required for a drawing, exposure to the 
atmosphere (and focussed heat from the 
light ) causes wilting of the cells, which 
is expressed in wrinkling of the outer walls, 
The initially brilliant and clear image 
having become confused and undeci- 
pherable, drawing must cease till the apex 
recovers. (The plasticene cup can be 
covered with a coverglass). The diffi- 


culties could probably be overcome, but 
the author ceased being in a position to 
follow out the work. 


The Apex: Observations 
The observations are shown in Figs. 4-8. 


The periods covered by these camera 
lucida drawings are nine and four days 
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respectively for Tropaeolum and Coleus. | 


Detailed explanation of the symbols on 
the figures and the selection of the com- 
ponents will be found in the legend. The 
ruled dotted lines are to assist in cor- 
relating the components. 


As far as is} 
possible in a growing organ, their direc- 


tion and points of intersection have been 


maintained constant in position. 


GENERAL — In neither series is it pos- 


sible to select with certainty a cell or 


group of cells as apical cells by their shape. _ 


Nor did the observations continue long 
enough for such a selection to be made 
on the basis of sequences of partition, 
though one feels almost on the verge of 
some identification. The observations 
ceased because an attempt to remove the 


large primordium which had begun to 


obstruct the light destroyed the Tro- 
paeolum preparations, and fungus des- 
troyed the Coleus preparation. How- 
ever, under the not “ encouraging ”’ 
conditions, the apices enlarged (cf. Fig. 
4) and carried out cell division. At the 
rates of growth shown, it would appear 
that, if the apical cells are observable, 
the observations would have to continue 
for at least 18 and 8 days respectively 
to allow tentative allocations. Certainty 
would require at least twice that time. 
The Coleus apex was from a_ potted 
seedling growing fast, whereas the Tro- 
paeolum apex was from a garden plant at 
the end of its season and probably grow- 
ing very slowly at the time of collection 
( December, in Sydney ). 

TROPAEOLUM MAJUS — The components 
of Figs. 4-6 represent, respectively, the 
outline projections of the shoot apex with 
two entire leaf primordia, the superficial 
cell detail at the tip of the larger primor- 
dium, and the superficial cell detail of the 
central region of the stem apex. The 


spot a little to the right in the last com- 


ponent of Fig. 4 indicates the probable 
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site of another primordium coming into 
being. The symbols on the figures are 
explained in the legend. 

In the leaf primordium (Fig. 5) the 
apical region showed so clearly that it was 
drawn, at first for practice, but soon for 
the very interest of what was being re- 
corded. If there is an apical cell pre- 
sent, it may possibly be at the inter- 
section of the guide lines X and Y in 
component II of the figure. Every cell 
originally in contact with it, except one, 
divided; and some of the products of 
division divided again, while it passed 
through only one division. And that 
division gave rise to two cells (com- 
ponents IX, XI), one of which not only 
occupied the place of the original cell, 
but also had a rather similar shape, 
whereas the other cell had a shape like the 
originally surrounding cells. In addition, 
radiating lines of walls and centres of 
curves, upon which walls seem to lie, 
strongly suggest the location of the sug- 
gested cell as a focal region. These ap- 
pearances may be mere chance. The 
partitioning of the cells, moreover, seems 
to be at variance with any concept of 
minimum area for new walls ( Errera’s 
law ); and the shapes do not readily con- 
form to those as discussed for epidermal 
cells by Lewis (1943, 1950), though 
vertices are predominantly three-rayedand 
the average number of faces ( counted on 
component V of Fig. 5 ) is a little less than 
6, as expected in apical regions ( Lewis, 
1943). This is worthy of further atten- 
tion. (It should be remembered that the 
cells to the far side and the left of the 
group are on a steeply curving slope, and 
do not show their true shape. ) 

In the stem apex ( Fig. 6), which was 
more difficult to observe, there is less ap- 
pearance of a particular pattern; but even 
here the eye tends towards the group 
marked A-D in component II, as possibly 
four apical cells. Unfortunately, in the 
last component (IX), the arrangement 
of these cells appears markedly disturbed. 
At this stage, shadowing by the grow- 
ing large primordium, particularly in the 
significant region, had so slowed the rate 
of drawing that surface wrinkles ( wilting, 
caused through exposure to heat reflected 
with the light) were appearing and the 
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drawing is not as trustworthy as the 
earlier ones. It is left in the series as an 
example of difficulties in such observa- 
tions. One might almost imagine the cell 
marked L in component V as the centre 
of a newly appearing leaf primordium, 
for that region is reminiscent of the pri- 
mordium, apex in Fig. 5. Cell shape, 
vertices, and average number of faces 
conform more with Lewis’ ideas (ibid.) 
than in the leaf apex. 

Coleus sp. ( Fig. 7 ) shows the decussate 
shoot-tip defoliated for observation, and 
Fig. 8 presents in vertical view the cell 
structure of the surface at the apical 
initial neighbourhood. Figures 7 and 8 
are at right angles to one another as 
viewed along the axis of the shoot. The 
shadow of the two primordia rather 
obscured the important part of this stem 
apex. The “apical cell’’ function may, 
at first sight, appear to reside in the two 
rows ABCD and EFGH. Such a type of 
apical cell group would involve A and E 
“ cutting off” cells only to the left ( each 
of them) and above (A) or below (E); — 
D and H would act in a comparable 
manner at the other end of the group; 
B and C would “cut off” cells only 
above, and F and G would “ cut off ” 
cells only below. The division in H is 
consistent with this, as is the division in 
G; but the division in F suggests that A 
and E are not in the group, having been 
derived from the division of cells of which 
B and F would be the present descendants 
continuing the apical cell function. Thus 
there would be only six cells in the group. 
However, the divisions are also consistent 
with either ABEF or CDGH forming a 
group of four apical cells (cf. component 
III), or even any of the four pairs AE, 
BF, CG or DH being the apical cells. It 
is a great pity that fungal attack stopped 
the observations and that there was no 
opportunity to repeat them. Neverthe- 
less, it seemed worthwhile to present 
these figures, inconclusive though they be, 
to show actual partitioning lgoing on in 
this kind of apex. 

It should be recognized that, as this is 
the apex of a decussate plant, there is a 
direction of maximum growth which is 
placed alternately along axes at right 
angles. A little thought will show that 


DAY 0 


I 2 ‘2 3 ; 
TIME 1520 1445 1650 1850 1205 1635 1015 1100 0%0 1530 1245 


Fics, 4-8. 
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the most convenient grouping of apical 
cells for this would be as four, if not as a 
single apical cell. Further, the changes 
in direction of maximum growth need 
not involve the divisions of the apical 
cells themselves, but could be restricted 
to near “derivatives”. Probably more 
significant in this apex of a decussate 
plant than in that of an alternate-leaved 
plant (as Tropaeolum ) is the relation to 
the point of time in the plastochrone 
period; for it seems reasonable (and the 
literature provides some evidence for it ) 
that growth would be minimal in the apex 
as a whole at the close of a plastochrone. 
Judging by the size of the last clearly 
visible primordia shown in Fig. 7, that 
apex was probably forming or about to 
form the next pair of primordia ( to left 
and right beyond the region drawn in 
Fig, 8), and thus, at the end of a plasto- 
chrone, was showing minimal growth. 
Finally, it must be stressed again that 


<-— 


Fics. 4-8 — Cell partitioning in the surface layer of living apices. 


6, x 120. 
Figs. 4-6. Tropaeolum majus. 


leaf apices and outline of the whole apex, at periods covering nine days. 


the observations and the comments on 
them, regarding both apices, refer to the 
superficial layer, that is, the outermost 
layer of the tunica. The restriction is 
of particular, rather than fundamental 
significance. 


The Cambial Zone: Material and 
Methods 


Just as a logical case can be made for 
the existence of one or a very few conti- 
guous initiating cells ( apical cells ) in the 
apex, so a case can be made for one cell 
(or at the most two contiguous cells) as 
an initiating cell (cambium initial) in 
each radial row of the cambial zone. The 
existence of the single cambial initial was 
propounded by Sanio ( 1873) in connec- 
tion with Pinus and strongly supported 
by Mischke ( 1890). Just as, at the apex, 
the cells “ cut off ’’ from the apical cell(s) 
undergo further division, so in the cambial 


Fig. 4, x 45; Figs. 5, 6 and 


Camera lucida drawings of the superficial layer of stem and 


For methods, see the text. 


The drawings shown, selected from the eleven made in respect of each figure, are numbered in their 
series by roman numerals at each component of the figures, the absent drawings being represented 
by the roman numerals in brackets on Fig. 4. On Fig. 4 is shown for all drawings the day and the 
time of day. On Figs. 5 and 6 the dotted guide lines (X, Y, Z ) are to provide a frame of reference 
for identification of cells from component to component of the figures. A circle in a cell indicates 
that it will be found to have been divided, in the next component of the figure, where the daughter 
cells possess black dots. Where the daughter cell is again to divide, the dot is surrounded by a 
circle. The shoot tip has obviously grown. Fig. 4. Outlines of whole apex, the apical dome being 
indicated by the dotted oval. The centre of the apical dome and the tips of the two leaf primordia 
to the left are indicated by concentric stippling on some or all components. The dot upwardly 
to the right from the apical centre in component XI locates the possible point of origin of a new 
primordium (see L on component V, Fig. 6). Bases of one or possibly two removed leaves appear 
upwardly to the right. Fig. 5. The primordium to the lower left of Fig. 4, with neighbouring parts 
of the stem apex in outline. The roman numerals are as for Fig. 4 (also days and hours). The 
cell at the upper intersection of the guide lines may be an apical cell (cf. also L in component V 
of Fig.6). Fig. 6. The tip region of the apical dome, with an extension upwardly to the right to 
include the possible site of a new primordium (see L in component V and cf. the dot in component 
XI of Fig. 4). The surface in this direction, lying more horizontally, is better observable than 
elsewhere (away from the tip) where it falls away in a steep slope. The capitals A-D in com- 
ponent II indicate a group including or comprising the possible apical cell or cells, two of which 
(D, component V and B, component IX) divided during the time of observation. The hours 
indicated for these components differ from those of Fig. 4, as these components were each drawn 
after the components of Figs. 4, 5. e x 
Figs. 7-8. Coleus sp. Fig. 7. Diagram, from the side, of the defoliated decussate shoot tip. 
md, bases of leaves removed several days beforehand, to minimize surgical shock and exudation of 
sap at time of mounting. 7, bases. of leaves removed at time of mounting. The two youngest, 
clearly visible, primordia remain. Fig. 8. Camera lucida drawings, from above, of the superficial 
layer of the stem apex shown in Fig. 7 and at right angles to that figure. The conventions for 
components, guide lines, days, and times are as in Figs. 4-6. The curved lines above and below 
each component represent the bases of the two primordia; the broken lines represent their apices. 
The next primordia being formed or to be formed would lie to left and right, just off the area 
illustrated. The apical cells (or cell) would be among the group A-H, as described in the text. 
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zone the cells “ cut off” from the cambial 
initials may undergo further division. It 
is conceivable, therefore, that in connec- 
tion with cambial activity, there may 
arise an appearance analogous to the 
“ initium annulaire’’, described by Lance 
(1952) following Plantefol’s conception 
of the “anneau initial”. This feature 
is likely to be more evident in plants 
where there is a very extensive produc- 
tion of tissue in the cambial zone. In 
the course of a study of growth in 
Pinus radiata D. Don. there came under 
observation very extensive immature 
xylem tissue with very clearly-marked 
partitions in the cambial zone, which is 
used as material in this study. 

Material was taken from trees about 
10 and over 30 years old, chiefly from 
the third to about the tenth internode 
from the apex. The great extent of 
soft, immature xylem between the stiffer 
mature xylem and phloem complicated 
the handling of the material. At the 
levels sectioned, the young bark, still 
largely (‘ primary ” ) cortex, was com- 
posed of cells doubtless already under tan- 
gential tension from radial increase of the 
trunk and capable also of contraction 
due to loss of water. Apparently either 
or both of these causes readily compress- 
ed radially and skewed tangentially the 
radial rows of immature xylem cells on 


4. 1f the initial cells in the apex are “ apical 
cells ’’, the initial cells in the cambium should be 
“ cambial cells’’. Unfortunately, this apposition 
of terms would be confusing at present; for the 
term “‘ cambium ‘” has been used frequently in 
both of two senses — as the ring of initial cells 
or as the whole growing zone between mature 
wood and mature bast. This confused use is 
even in Sanio’s classic paper (1873). More 
recently, Wight (1933) uses the terms “ cam- 
bium’’, “‘cambial cells”, ‘“ cambial layers ”’ 
indiscriminately in reference to the zone of 
dividing or divisible cells between xylem and 
phloem; and the words “ cambium ” or “‘ cam- 
bial’ in his text could be replaced by ‘‘ meri- 
stem ” or “ meristematic ’’ without significant 
change of meaning. He is not concerned with 
specifying particular initials. Bannan (1955), 
after discussion, prefers to use the word ‘‘ cam- 
bium ”’ for ‘the combined initiating layer and 
derived tissue mother cells, or in other words, 
the zone of periclinal division ’’. 

Therefore, though I speak of apex and apical 
cells, to save misunderstanding, I will speak of 
cambial zone (=Bannan’s ‘‘cambium”’) and 
cambial initials. 
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removal of material from the tree. If the 
material were fixed in this condition, 
sections were quite useless. Contraction 
of the cortical tissue by the fixative 
might also cause this defect. Best results 
were obtained by keeping the material 


wet throughout the process of removing | 


it from the tree, and by first slicing off 


| 


the bark ( cortex ) that seemed otherwise | 


to contract so rapidly, before making any . 


longitudinal cuts. The current year’s 
phloem having been almost exposed, 
vertical cuts were made just into the wood, 
about two to four mm apart, and as long 
as desired. The strips thus outlined were, 
with a backing of’ a thin band of mature 
wood, carefully wedged off the trunk with 
a minimum of radial bending, and were 
immediately placed in fixative. This 


hard backing was removed before making | 


the sections on the freezing microtome, 
usually at about 20 microns. 

The fixatives that seemed to preserve 
wall conditions well were: (a) comm. 
formalin, acetic acid, water ( 10, 5, 85 cc) 
and (b) comm. formalin, acetic acid, 50 
per cent ethyl alcohol ( 6, 3, 91 cc), with 
probably more protoplast retention by 
the first. In any case the protoplasts 
mostly fall out of the short pieces of such 
long cells as these tracheids when sections 
are only 20 microns thick. 

It was only with the foregoing pre- 
cautions that uncollapsed and unskewed 
cambial zone was obtained on the slide. 
Apart from differences in the number of 
immature xylem cells ( ranging from about 
15 to about 30), all sections of the cam- 
bial zone presented substantially the same 
picture of partitioning. The features to 
be described are particularly clear in 
water-mounts of sections cut from living 
material, as the cell walls are at full hy- 
dration. The usual extreme dehydration 
of Canada balsam or direct euparal mount- 
ing can be avoided for permanent pre- 
parations by mounting from water in a 
cornsyrup medium and, in the process, 
avoiding alcoholic solutions of greater 
concentration than 50 per cent if possible. 

The cornsyrup method was used follow- 
ing Barghoorn’s ( 1940) recommendation 
of it for quick examination of fresh 
material. 
Monk (1938), the cornsyrup, with or 


As originally described by 


1956 ] 


without pectin added, may be used as 
sole mountant or the object may be first 
set in a drop of the syrup and then 
covered with euparal. The experience in 
this study was that the cornsyrup set 
more quickly and surely with pectin 
added ( coverslip quite firm in at the most 
ten minutes); but the syrup, in final 
setting over a day or more, contracted 
so greatly that the coverslip was often 
cracked across the section and bubbles 
appeared, away from the edge of the 
crack, that could only be attributed to 
evaporation of some gas under extreme 
low pressure. The difficulty did not 
arise when the sections were set in small 
individual drops of the syrup and then 
covered with euparal. 

Staining was generally by aniline blue 
or light green and then safranin. Back- 
ground spread of the stain in the syrup is 
difficult to prevent. 


The Cambial Zone: Observations 


The observations made are really a 
confirmation and extension of the findings 
of Sanio in 1873 that were supported by 
Mischke in 1890. In Pinus sylvestris, 
Sanio concluded that there was, in each 
radial row continuous through xylem 
and phloem, a single initial cell, of whose 
two daughter cells at division the outer 
might take over the function of initial 
and the inner divide to give a pair of cells 
destined for the xylem; or, alternatively, 
the inner daughter cell might take over 
the function of initial and the outer divide 
to give a pair of cells destined for the 
phloem. Thus the radial row appeared 
for him as pairs of cells in immature 
xylem and phloem. At the boundary 
between these tissues a cell, divided to 
form a group of four cells, represented 
the last-formed xylem or phloem pair to- 
gether with the divided cambial initial, 
the group clearly appearing as derived by 
two successive divisions from the one 
( preceding ) cambial initial’. Occasional- 


5. Sanio’s statement is so delightfully clear 
that it is worth quoting from this not easily 
available paper ( p. 60): ‘ Das Hauptgesetz der 
Zellbildung im Cambium ist also Folgendes: 
Von den beiden durch tangentiale Theilung dev 
Cambiummutterzelle entstandenen Tochterzellen, 
verbleibt entweder die obere als Cambiummutter- 
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ly, he found the xylem cells in fours as 
though each cell of a pair had divided 
again, or in a group of three as though 
only one (nearer the initial) had this 
second division. Mischke, debating which 
was rule and which exception, concluded 
that the number of divisions in the 
xylem- or phloem-destined daughter cell 
of the initial is an expression of in- 
tensity of growth depending on state of 
nutrition, so that in very favourable 
conditions, infrequent in the normal 
habitat of Pinus sylvestris, the immature 
tissue cells would be in fours, and in ex- 
tremely hard conditions even only in ones. 
The grouping becomes obliterated as the 
cells attain maturity. 

Pinus radiata growing at Macedon in 
Victoria is under favourable conditions, 
so that groups of four cells in the immature 
xyelm are the rule. (The phloem may 
only show pairs). As expounded by 
Sanio and supported by Mischke, the 
groupings can be discriminated by attend- 
ing to the relative thicknesses of the 
tangential walls and the rounded (old) 
or angular (young) abutment of these 
on the radial walls of the rows. Examples 
of these features at various stages of 
development can be seen in the photo- 
micrograph of the cambial zone shown 
ins Plate; ly ‚Pig; cA.) Bigs Dy off that 
plate is a chance example showing the 
groups of four very clearly because of a 


zelle, während die untere, sich noch einmal tan- 
gential theilend, als Zwilling zum Holze übertritt, 
oder es verbleibt von den beiden durch Theilung 
der Cambiummutterzelle entstandenen  Tochter- 
zellen die untere als Cambiummuiterzelle, während 
sich die obere noch einmal theilt und als Zwilling 
zum Baste übertritt. Indem beide Fälle mit 
einander abwechseln, entstehen nach Aussen 
Zellzwillinge für den Bast, nach Innen für das 
Holz. Da sich die als Cambiummutterzelle 
verbleibende Tochterzelle der jedesmaligen Thei- 
lung gleichzeitig mit der zum Holze oder Baste 
übertretenden Tochterzelle weiter theilt, so wird 
man da, wo dieses Gesetz ganz rein hervortritt 
(Tab. VI. Fig. 2, Reihe c u. e; Fig. 3, Reihe b, 
Tab. V. Fig. 2, Reiche c.), die ganze radiale 
Reihe aus Zellzwillingen gebildet sehen und an 
der Grenze zwischen Holz und Bast eine Zelle, 
die sich zweimal in 4 Tochterzellen getheilt hat. 
Letztere ist nun die Cambiummutterzelle ( Tab. 
V. Fig. 2, Reihe c, Zelle 5-8); von ihren beiden 
Tochterzellen wird die eine getheilte in diesem 
Falle Holzzwilling, die andere schon getheilte ist 
dagegen als fernere Mutterzelle des Cambiums zu 
betrachten.” 


10 


partial maceration of material left too 
long in the formalin-acetic-water fixative. 
The sectioning had caused the radial rows 
to separate brush-like and the groups 
of each row to separate partly. Of the 
groups numbered in Fig. D! (a tracing 
of D with differences of cross walls em- 
phasized ), d1-4, cl-4, and 61-4, each re- 
presents the division of a pair of cells such 
as a3-4 which represents the division of a 
cell such as a2 which, with al, has been 
formed by division of a preceding cell 
such as al itself which represents always 
in location and function a cambial initial. 
In the Pinus sylvestris of Sanio and 
Mischke the common occurrence would be 
that the enlarging groups 5b, c, and d 
would be pairs, not fours, each represent- 
ing such a pair as a3-4 older and un- 
divided; hence, for Sanio, the prominence 
of the group of four not yet enlarging 
cells, the outer of which is the cambial 
initial — a prominence not shown in the 
more vigorously growing Pinus radi- 
ata of the present inquiry. (1-2 and 
y1-2 are immature phloem cells which, at 
present, I interpret as occurring in pairs, 
not fours). In some contrast to Sanio’s 
account is a figure of “ active” cambial 
zone in Pinus sylvestris near Leeds, 
England, given by Wight (1933, Pl. III, 
Fig. 5 ), in which three or even four 4-cell 
groups may be discerned in each of 
several rows of immature xylem. It is 
not clear whether his illustrations of 
“shoot ’’ cambia are from branches or 
trunks. Sanio’s figures (from trees up 
to 100 years old at the base) and mine 
are from trunks. Allowing for the more 
extensive division region involved in 
producing groups of four, there is a strik- 
ing similarity between my figures in 
Plate I and Sanio’s relevant figures; yet 
both sets of figures, taken in June and 
July, are really at opposite seasons of 
their climatic years ! 


Cell partitioning at the shoot apex is, 
if one may use a term with some latitude, 
“monodirectional’’, producing overall basi- 
petal cell displacement by the division 
of the cells continuing the apical initial 
function. But cell partitioning in the 
cambial zone is “ bidirectional ”, pro- 
ducing both centripetal and centrifugal 
displacement by division of the cells con- 
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tinuing the cambial initial function. 
understand the situation about distribu- 
tion of cell divisions, we must know some- 
thing about the qunatitative relation be- 
tween the centripetal and centrifugal 


production of cells originating from the 


cambial initial. The reader can test in 


Td | 


theory the easily imagined alternatives 


against the generally known features of 


cambial activity and against the illus- : 


trations here provided. I will confine 
this exposition to observations which 


support one of the theoretical possibilties. | 


This is: that the destination of the pro- 


ducts of the cambial initial’s daughter | 
cell destined to tissue formation is not. 
xylem and phloem alternately for suc- 


ae 


cessive ‘initial ’’ divisions, but is xylem 
and phloem alternately for successive 
sequences of “initial” divisions. 


Sanio rejected a contemporary claim — 


that in each radial row there are two ini- 
tials (one for xylem, one for phloem ) set 
back to back which must really stand in 
relation to one another as siamese twins 

“,..so müssten diese wirklich im Ver- 


hältniss der siamesischen Zwillinge zu 


einander stehen, ...”’’). He rejected this 
claim on the grounds that, since at each 
division of a cell a new membrane is de- 
posited round each daughter protoplast 
in addition to the formation of the parti- 
tioning wall®, there must, therefore, be 


6. Sanio’s words in 1873 are worth noting — 
(p.57): “...da durch jede neue Theilung nicht 
allein eine Scheidewande, sondern eine ganze, 
den Zellinhalt der Tochterzelle umgebende Zell- 
membran entsteht...” The simple directness 
of the “ since’ (““ da’), without reference to 
authority or evidence in support, suggests com- 
mon knowledge. Today, we would say that, at 
each ordinary cell division, each of the two 
daughter protoplasts that are separated by the 
new cell plate surrounds itself with its own new 
complete primary wall. Apparently unaware 
of the above, Giltay in 1882 suggested this same 
concept, based on his own macerations of collen- 
chyma and other adult tissues and on the similar 
observations of Dippel (1878). Elliot (1951, 
p- 1089) revived Giltay’s suggestion; but her 
phrasing suggests that Giltay denied formation 
of the partition wall ( “ cellplate ’’ for us, ’’ mit- 
tlere Theilplatte ’’ for Dippel), whereas he 
expressed it most clearly: “‘.. il est sécrété une 
jeune paroi homogène, qui se dépose simplement 
contre les parois longitudinales, qu'elle unit 
transversalement . ..les deux moitiés du proto- 
plasma peuvent déposer tout autour, contre les 
membranes qui les enveloppent, des nouvelles 


| 
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repeated additions on either side of the 
tangential wall that is common to such 
twin initial cells; and thus, when a tree 
trunk has become very thick, this common 
wall must itself be several millimeters 
thick — a feature that has never been ob- 
served. He regarded the greatest thick- 
ness observable as representing two or 
three divisions. This would be the case 
for the walls ending the groups of two to 
four cells. In the present observations 
on Pinus radiata, there are met with, 
here and there, tangential walls much 
thicker than usual, such as at w in Plate I. 
If, for several successive divisions, it 
were constantly the inner daughter cell 
of a “ single initial for the row ” that took 
over the function of initial (each outer 
daughter cell being destined for phloem ), 
the inner tangential wall of the successive 
initials would remain constant in position 
as one and the same wall, but would, 
with each division, receive its part of the 
new primary wall of the current daughter 
protoplast as an additional layer. Here- 
by, this wall would become extra-thick, 
but on one side only — not on both sides 
as in the case rejected by Sanio. The 
replacement of phloem production by 
xylem production would begin by the 
outer daughter cell of the initial now 
taking over the initial function, the inner 
daughter cell with its extra-thick inner 
tangential wall being now destined for 
xylem. While this new descent of func- 
tion continues, that first inner daughter 
cell in the new sequence of cells destined 
for xylem will, with its extra-thick inner 
wall, become more and more distant from 
the outwardly receding location of the 
initial function (i.e. from the “ cambial 
initial”). Such I interpret to be the 
origin of these occasional extra-thick tan- 
gential walls in the immature xylem shown 
in this paper. 


générations | i.e. of enclosing walls ] parietales ” 
(p. 438). Priestley & Scott (1939, see p. 
538 ) strongly supported this with similar, but 
more precise and extensive, evidence from mature 
tissue. Wardrop (1952) has shown similar 
evidence from mature Pinus pinaster wood and 
Grevillea vobusta ray parenchyma. The grouping 
of immature wood cells described in this paper 
joins with the accounts by Sanio and Mischke to 
support the concept of the completely surround- 
ing new primary walls. 
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If the greater quantity of xylem than of 
phloem is due to longer periods of centri- 
petal direction of the activity of the cam- 
bial initials, one would expect, on the 
above argument, that the extra-thick 
tangential walls appearing in the im- 
mature phloem would be thicker than 
those appearing in the immature xylem. 
The condition of the material so far 
studied has not allowed observation of 
this point. As a corollary to the de- 
position of the complete new membranes 
at cell partition, Sanio ( 1873 ) also points 
to the necessity and fact of the radial 
primary walls of the “‘cambium” (I 
presume “ cambial zone ”, in this case) 
being very thick, although they are under 
a continual radial tension. This can be 
observed in our own Plate I, where, in 
the immature xylem shown, the main 
phase of cell enlargement ( radial ) and the 
deposition of secondary wall have not yet 
obliterated it from clear observation. 
Obviously, if a radial partition has re- 
cently occurred in an initial, the new wall, 
and, for a time, its extension during suc- 
ceeding tangential divisions will be thin — 
as radial walls go. Only after a number 
of tangential divisions will the usual range 
of thickness be attained (see Plate I, 
Figs. E 1-3). Unfortunately, radial divi- 
sions appear to be very infrequent in 
the material from which Figs. B-D of 
Plate I were taken, collected early in July 
(in the middle of winter), but show- 
ing vigorous cambial activity. However, 
many examples of such divisions were 
present in material collected early in 
June, also with vigorous cambial activity. 
It was from this material that Figs. E1-3 
of that plate were selected. Provisionally, 
one may say that this seems not in line 
with Bannan’s report, for some other 
conifers, that such divisions are confined 
chiefly to the last formed late wood 
(1951) or towards the end of the grow- 
ing season (1955). 

By locating examples of very recent 
radial divisions as in the above figure 
(Mischke, 1890) and _ observing the 
easily identified, radially short, densely 
cytoplasmic cells in the initial region of 
the rays, the more obscure initial region 
of the rest of the cambial zone can be 
located. Then, using the characters of 
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Pinus RADIATA — CAMBIAL ZONE 


Pattern of cell partition in the cambial zone of Pinus radiata D. Don. Figs. A-D cover 
approximately the same radial range, showing at the top (outside) the innermost one or two 
mature phloem cells, and at the bottom (inside) immature xylem cells approaching full radial 
extension and with no secondary thickening of their walls as vet. Numbering of radial rows is 
separate in each figure. Examples of extra-thick tangential walls are marked by w. The initials 
and their activity, where identified, are marked as follows by black shapes: downward triangle — 


producing xylem; upward triangle — producing phloem; diamond — time of change in direction 
of production ( unspecifiable ); square — ceased activity, becoming mature, i.e. radial row just 
become “ extinct’. Figs E13, of different origin, cover less radial range. All figures are 


approximately at the one magnification of about 160. Immature xylem cells total 30-35 per row. 
Fig. A. From middle of 5th internode down, on a tree in its 10th year growing at Macedon, 
Vic.; collected 6th July (winter); fixed in the field in the formalin-acetic-water fluid; cut on 
freezing microtome at 24u in December; stained with safranin and picro-aniline blue; set in corn- 
syrup and mounted with euparal. Note that the long period in fixative has had a slight macerating 
effect. Where the cytoplasm remains, it is greatly plasmolysed. The thickness of the section 
and depth of focus tend to confuse the thickness of the walls, but the great relative thickness of 
the radial walls is obvious. Note the different radial levels of the extra-thick walls (some are marked 
w ) interpreted as denoting changes from phloem production to xylem production when the initial 
function was at those histological points in its radial passage outwards. There is a break towards 
the top of row 15, suggesting extinction of the initial for that row and thus approximately locating 
the present level of initials for that region. Unmarked extra-thick walls appear at the one level 
in rows 14 and 15, further out by one group of 4 cells (i.e. by one division of an initial) than the 
extra-thick wall in row 16. Passing out from here, on row 14, there are two groups of 4, then a 
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partitioning and wall thickness discussed 
above, it is possible to form an opinion 
(if not a definite judgment ) on which 
is the cambial initial in each row. This 
has been done for Figs. B-E in Plate I. 
The details are explained in the legend to 
the figure. Bannan (1955, Figs. 18-26 ) 
has also indicated initial cells, but in 
cambial zones of very restricted width, 
in the dormant state of Thuja. 

If these indications of initial are correct, 
then it follows that the destiny of daughter 
cells of initials — to phloem or to xylem 
— is not necessarily the same in ad- 


study of cambium by tangential sections 
and is in contrast to the apparent uni- 
formity of the “ uniseriate layer” re- 
corded by Bannan ( 1955) in Thuja. The 
number of immature cells formed but not 
yet in the enlargement phase is in all 
cases much greater towards the xylem 
than towards the phloem. In some 
cases, at least, the second of the two suc- 
cessive divisions in the xylem-destined 
daughter cells of the initials appears de- 
layed for some time, so that there is a 
succession of pairs of cells ( two, three, or 
even four) between the initial cell and 


jacent rows, nor are the initials at a 
uniform radial distance from the centre 
of the trunk. This is a handicap to the 


the pair dividing to four. Were it 
possible to make a diagram of several 
superposed levels, marking the position 


— 


group of 4 corresponding to Sanio’s 4 (1873, p. 60) at the boundary between xylem and phloem, 
i.e. (in this case), an inner pair yet to divide to 4 and an outer pair of which the inner member 
will divide to 2, then to 4, and the outer member against the more prominent wall is the initial for 
the time being. Thus, since xylem production last began, there have been four “ initial ”” divisions. 
In row 16, it appears that the initial at the same level is about to divide ( by its relative size), that 
passing inwards there are three pairs, a pair with outer cell divided (cf. relatively heavier wall), 
a pair just completed dividing to 4, an enlarging 4 and then the extra-thick wall— a total of six 
“ initial” divisions ( cf. heavier outer wall of the initial than in row 14). 

Fig. B. Initials and the polarity of their activity are indicated. The approximate level of 
initials can be located by cell size in the ray. Well shown is the tendency for only pairs in the 
phloem. Row 2 shows delay in the 2nd divisions in the xylem, and in row 4 the pair above the 
extra-thick wall may be going to miss a division, for the next pair up has already divided, as has 
only one cell ( that nearest the initial as stated by Sanio — 1873, p. 61 ) in the pair below that wall. 
Row 5 appears on point of extinction. Preparation as for Fig. A. 

Fig. C. Initials and the polarity of their activity are indicated. The initial cell (smallest ) 
in the ray is very clear. Enlargement of the ray has pulled along the sides of the adjacent rows 
where division with little enlargement has occurred. (On the contrary, this may be due to less 
contraction by the ray during preparation of the material.) Delayed second divisions appear in 
the lower part of rows 3 and 4. Preparation as for Fig. A. 

Figs. D and D!. Photograph and emphasized drawing of a row partly macerated and lying 
displaced in a section. Preparation as for Fig. A. The cell al is the initial in xylem production. 
Details are explained in the text. 

Figs. E13, Evidence of “radial” divisions. From the middle of the 10th internode down 
a tree in its 10th year at Macedon, Vic. Felled 1st June; cambial strip removed 9th June 
(tree stored in cool basement), left in water overnight; sectioned on hand microtome at up to 
50; fixed in the formalin-acetic-50 per cent alcohol fluid ; temporarily mounted in 10 per cent glycerine 
with aniline sulphate; next day stained in safranin and light green ; mounted in euparal alone. Despite 
blurring from underlapping of inclined walls, note the greater sharpness and thinness of these 
dehydrated walls, but that the new radial walls are thinner than the old radial walls. E!. The 
recent radial division is opposite the smallest ray cells, probably in phloem production now, the 
left initial recently divided, the right yet to divide; one only previous division of this new sequence 
has occurred. E?. Much phloem formation since the radial division; the two rows show a difference 
in the division of these phloem destined cells — the left showing pairs, the right, undivided cells; 
note the relatively thick wall between the initials and the underlying single row, and that the new 
radial wall is thinner at the upper end where “intial ’’ divisions had been fewer, but thicker below, 
where the divisions have been more numerous. E3. A pair of rows of still longer standing; the 
thinnest part of the new radia! wall is at the inner end, showing the location of the initiating radial 
division where, with xylem production, the fewest intial (tangential) divisions have occurred; 
that the prominent heavy cross walls and the thickness of the radial wall half-way along the pair 
of rows lie at the level of the smallest cells in the near-by ray confirms this position as the 
current initial region; the new sequence has produced in each row two groups of 4 xylem cells 
(two: “initial” divisions), and then three pairs of phloem cells (three “initial” divisions) 
with the rows separated by radial walls whose nearly full thickness is because of the longer standing 
of the initial sequence producing them. 
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of mitoses with crosses and indicating 
the location of the initial region, there 
could be cases of a distinct gap between a 
concentration of crosses in the xylem 
part and any crosses shown in the phloem 
part. The appearance would be in har- 
mony with Lance’s ( 1952) claim for the 
apex of Vicia faba seedlings: there would 
be what would simulate a correspondence 
to the “initium annulaire”, and the 
“cambial initial” region would appear 
to be nearly devoid of mitoses. Such a 
situation has been shown by Bannan 
for Thuja (1955, Figs. 15-16 ). 


‘ 


Discussion 


That concluding point of the des- 
criptive section of this paper opens the 
way for discussion of Lance’s interpre- 
tation of the apical centre of initiation as 
inactive, while the “ initium annulaire ” 
originates the plant body. There are 
two aspects to this question — factual 
and philosophical. 

The facts of the cambial zone in re- 
lation to form and location of partition 
walls, as set out above for Pinus radiata, 
witness to the occurrence of divisions in 
the initial region and a concentration of 
mitoses at a distance from it. Indeed, 
the density of mitoses in the initial region 
might in some cases be so low that graph- 
ical representation based on the momen- 
tary situation of fixed material might 
show it as devoid of division. That this 
is not the true view of the character of 
the region is shown by the clear evidences 
of very recent division there in rows A 6, 
8: 12 217 B 2 SoC sor Pinte nee i 
part, the momentariness of her observa- 
tions that has led Lance to a false de- 
duction. More definite than the momen- 
tary evidence of recent occurrences, just 
mentioned, are the observations made 
in a watch maintained over an extensive 
period of several days and described 
above. These revealed the occurrence of 
divisions right at the apical centre of leaf 
and stem in Tropaeolum majus and the 
stem in Coleus sp. Diagrams constructed 
for comparison with those of Lance are 
set out, together with copies of some of 
her diagrams, in Fig. 9. 
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Fics. 9a-h — Distribution of cell divisions 
at apices. All represent approximately the same 
magnification of about 160. 

Figs. 9a1, a? (Tropaeolum majus) and 9b 
(Coleus sp.), compiled from Figs. 5, 6 and 8, 
respectively, of this paper by superposition of the 
components of the figures, represent all divisions 
occurring in the superficial layer of each object 
over the periods of observation (9 and 4 days, 
respectively ). The divisions are represented by 
angles ( sometimes of 180°) with the apex at the 
centre of the parent cell and the arms ending at 
the centres of the two daughter cells. The guide 
lines (X, Y ) intersecting at the presumed apical 
centres of the original figures are shown, also the 


cells there as in component II, of the original 


figures. 


| 
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. The copies of Lance’s diagrams given 
in Figs. 9c, d, g, and h each present a 
momentary distribution of mitoses in 
cross-sections totalling a depth of two 
tunica layers, at the centre only, in the 
several apices. The large cross is Lance’s 
mark for the centre, and lies in a mitosis- 
free area. But there are other comparable 
mitosis-free areas, which, on the basis of 
the existence of an “ initium annulaire ” 
with concentration of mitoses, must have 
shown mitoses had the material been 
pickled at some other moment. If in 
these, why not in the central area? This 
question is particularly pointed, since 
the circle and group of cells inserted by 
me on the basis of other of Lance’s figures 
into 9c and 9d, respectively, show how 
slight an inaccuracy in locating the 
central region or in inclination of the 
material on the microtome would bring 
one or more mitoses into a “ central 
area”. 

The diagrams of Tropaeolum majus and 
Coleus sp. ( Figs. 9a! and a? and 9) are 
based on Figs. 5, 6, and 8 above, respec- 
tively, show the location of cell divisions, 
and have inserted the possible apical cell 
or cells, as the case may be. In this work 
the actual mitoses were not observed; 
but the fact of their occurrence was, by 
the appearance of two cells where one 
had been. This is recorded by the angles, 
‚as explained in the legend. Had the time 
of recording been longer, and the area 
covered more extensive in some directions 


as 


Figs. 9c-h of Vicia faba L. traced and 
adjusted in magnification from the paper by 
Mme A. Lance (1952). 9e and f are from 
Figs. 14 and 16 of tunica and corpus, respective- 
ly. 9c, d, g, h, are from the similarly lettered 
drawings of her Fig. 9, representing three ex- 
amples at period of maximum division and one at 
period of minimum division, at the one moment 
in each case and falling centrifugally from 2 cell 
layers deep to less than one. The xs represent 
observed division figures, the central + the 
presumed centre of the apex. In 9c I have 
added a circle of radius approximately equal to 
a cell-width on the basis of Lance’s Fig. 14, or 
to the limits of position of the apical centre, 
were the orientation of the apex on the micro- 
tome about 5° out of the true line. In 9d is 
inserted the group of tunica cells in Lance’s 
Fig. 14, appropriately reduced in magnification. 
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(particularly of 9a? and 95), the central 
area might have declared itself by show- 
ing fewer divisions, in comparison with 
a surrounding area showing more nume- 
rous divisions rather like the “ inıtuum 
annulatre’’ described by Lance. The 
apical centre, however, is not devoid 
of divisions, and does contribute to the 
vegetative plant body at this stage of its 
growth. For Tropaeolum this was well 
in the flowering period, for Coleus in the 
seedling. 

Apart from the above definite observa- 
tions I have made myself, it is clear to 
anyone familiar with the literature of 
apical meristems that mitoses do occur 
and have, themselves or the evidence of 
their very recent occurrence, been illus- 
trated at the apical initial centre by a 
number of authors (in many cases quite 
incidentally ). Particularly relevant are 
the statements and illustrations of mitoses, 
and evidence of very recent mitoses, in 
the axial region of the apex in the initial 
zone, provided by Lange (1927) in his 
study of interspecific chimaeras in the 
genus Solanum. The phenomena of in- 
duced periclinal chimaeras are frequently 
based on the occurrence of divisions in 
the group of apical initial cells. An 
example is in the work of Dermen ( 1945 ) 
on colchicine-induced polyploid changes 
in the cranberry, where he correlated 
sectorial changes of tissue with the group- 
ing of the central apical initial cells that 
undergo mitosis and “ have the function 
of carrying on the histogenetic continuity 
of each layer”. Clowes (1953, 1954), 
for some roots, presents essentially the 
same idea of apical initial cells carrying 
on the histogenetic continuity by his 
concepts of the “ minimal constructional 
centre ’’ located at the extremity of the 
apex and the ‘“cytogenerative centre ” 
which, as “ pro-meristem ”, surrounds or 
undergirds it and performs the function 
of histogenesis, i.e. produces the plant 
body. [ However, in the earlier work 
(1953 ), after experimental manipulation, 
he denies the presence of apical cells. ] 
The minimal constructional centre is said 
to take no part in histogenesis, but can 
provide for “repair’’ of the cytogene- 
rative centre (or pro-meristem ). Here 
we are not far from Lance’s concept of 
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“initium annulatre’’ as body producer. 
Were the minimal constructional centre 
and the axial region of the cytogenerative 
centre in a state of temporary mitotic rest, 
then her description could temporarily ap- 
ply, possibly in the later stages of a plasto- 
chrone. It is failure to take account of 
the fluctuation of activity in the plasto- 
chrone cycle, together with the momen- 
tariness of the observations made, that has 
led Lance to a false generalization from 
some of the valuable data presented in 
her welcome cytological study of apical 
organization. Also, differential rates of 
cell division and cell enlargement do not 
seem to have been considered. 

One final conditional matter of fact 
can be introduced from the present study 
of the cambial zone. Suppose the “ ini- 
tium annulaire’’ were functioning below 
an inactive apical initial centre (i.e. 
without any “repair” accruing from 
that centre) and instituting the plant 
body over a long period, it is inescapable 
that sooner or later there will be esta- 
blished on the upper face of the “ initium 
annulaire’’ a layer of cells functioning as 
a plate of initials whose upper walls will 
lie more or less in a plane. These initials 
will undergo a sequence of divisions after 
each of which the upper daughter cell will 
carry on the initial function and retain 
the unstretched upper parent wall plus 
the new primary wall, just as cambial 
initials do over a sequence of divisions 
leading to production of either xylem 
only or phloem only. Since this condition 
goes on, according to Lance (1952), 
from seedling till flowering, the amassing 
of the succeeding generations of primary 
walls would form a very prominent parti- 
tion across the apex. Has any approach 
to such a thing ever been seen ? 

All the facts, and certain inferences 
from them presented above witness to 
the existence and continuing (if fluc- 
tuating ) activity of one or more “ apical 
cells ’’. It is not intended here to discuss 
this matter fully, particularly the relation 
of apical cells to the tunica-corpus concept 
— this is reserved for another paper. 
But I will conclude with some comments 
in a somewhat philosophical vein. 

When we are dealing with appearances 
that are the manifestation of a currently 
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functioning activity (not the end-result 
of an activity ), it is well to avoid, as far 
as possible, imprisoning them in substan- 
tive terms, particularly if the substantive 
denotes a material object. For such 
terms tend to become hard and unpliable — 
mental objects, liable to be obstacles : 
that trip the thought. The “ initium — 
annulaire ” of Lance ( 1952) ( =“ anneau 
initial” of Plantefol, 1947), the “ pro- | 
meristem ” of Clowes (1950, 1953 and 
1954), the “ eumeristem”’ of Sterling 
( 1946 ), or the “ sub-apical mother cells ” 
of many authors, to name some examples, 
are not to be thought of as definite en- 
tities or objects with a continuing exis- ! 
tence. They are not particular collec- 
tions of cells, but regions through which 
the emergent plant body is passing in the 
course of its elaboration. That body 
material which is here today, existing in a 
particular form of cellular organization 
and behaviour, will not be here to- 
morrow; replaced here by other body 
material, it will then be elsewhere and 
existing (even with incorporation of new 
material) in some other form of cellular 
organization’. Along the line of emer- : 
gence of the plant body from a region of 
initiation, it is the form that is (locally ) 
permanent; the substance that tennants 
the form moves on. 

For these reasons, in the foregoing 
description of the cambial zone, care was 
taken to avoid as far as possible any im- 
plication of an initial with a continuing 
individuality from which tissue emanated. 
But in each radial row there exists a 
function, which we call the initial function, 
carried on by only one cell at a time, of 
whose two daughter cells only one takes 
over the function, and so on in sequence. 
The “ cambial initial ” then is the current 
and short-lived heir in a line of inheri- 
tance of the initial function in the cambial 
zone. Such a concept of inheritance of a 
function, chiefly in relation to the apex, 
has been delightfully set out by Prat 
(1945). He emphasized the differential 
and polarized nature of the division of the 


7. Sachs laid the foundation of these ideas long 
ago, repeatedly insisting that overall growth 
(of the protoplasmic body) is primary, cell 
division and arrangement being secondary 
(e.g. 1878, 1879 ). 
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initial cell in relation to the meristematic 
and metabolic qualities inherited through 
its. In anticipation of the more extended 
contribution on this matter, I will apply 
to the cells in this line of inheritance the 
term “ continuing meristematic residue’’?. 
The non-fixity of the initial function in 
a permanent cell is emphasized in the 
cambial zone by the switching of the 
polarity of inheritance of the function 
from the xylem-facing to the phloem- 
facing daughter cell, or vice versa. The 
cells that I have been calling apical cells 
must be thought of, in the same manner, 
as temporary, short-lived heirs in a line 
of inheritance of the initial function — 
a continuing meristematic residue, the 
cells that at the moment happen to occupy 
the site of that particular function. In 
the cambial zone we have recognized a 
periodic switch in the site over a very 
limited distance; can we reject the oc- 
casional possibility of a greater distance ? 
In the apex of the stem, where there may 
be more manoeuverability, Dermen (1945), 
following his colchicine induction of poly- 
ploid sectors of tissue, claimed to detect 
switching in the site of apical cells. 
Clowes (1954) refers to transference of 
the “status of initials’’ during the life 
of a root. 
We may conclude then that both apical 
cells and cambial initial cells are realities 
among seed plants, with impermanence 
as to cellular individuality, but some per- 
manence as to site of function. In view 
of the nicety of balance governing this 
permanence, and in view of the known 
switchings of site, we can agree with Der- 
men that, rather than looking on any 
impermanence of site of the apical initial 
function ( or also cambial initial function ) 


8. Page 582: ‘‘ Le premier grand fait est que 
la cellule initiale entre en division inégale, l’une 
de ses filles retenant certaines propriétés, ( dont 
la faculte de division indéfinie) tandis que 
l'autre en manifeste de différentes, notamment 
celle de se spécialiser chimiquement et de 
devenir progressivement incapable de se diviser’’. 
Prat 1948 and 1951 are an English version of 
this work. 

9. This term was put forward in an unpub- 
lished paper, ‘‘ The Biology and Taxonomy of 
Cellular Pattern in Vascular Shoot Apices ””, to 
Section M of the Austrailian and New Zealand 
Association for the Advancement of Science, at 
Sydney, in: 1952. 
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as unusual, we should perhaps regard its 
known persistence as remarkable. 


Summary 


A short study by the author of parti- 
tion in the surface layer of living apices 
on cut shoots standing in water (Tro- 
paeolum majus and Coleus sp.) conflicted 
with a recent denial of the existence of 
apical cells during vegetative growth due 
to absence of cell divisions in the initial 
region of Vicia faba seedlings ( Lance, 
1952). The study of the living apex is 
combined with a short study, from dead 
material, of partition sequence in the 
cambial zone of Pinus radiata. The 
preparation and examination of living 
apices by reflected light are described. 
Drawings made of the surface cell pattern, 
periodically over nine days for Tropaeolum 
and four days for Coleus, reveal cell parti- 
tioning in the very centre of the apical 
surface, i.e. in presumptive apical cells. 
Methods are given for securing sections of 
cambial zone of Pinus, undistorted and 
with unshrunken walls. The described 
features of partitioning confirm Sanio’s 
(1873) concepts of the single initial in each 
radial row of cells in the cambial zone, 
the origin of tissues from it, the pattern 
of partition involved, and the contents of 
each daughter cell surrounding itself with 
a complete new membrane ( primary wall ) 
in addition to the partition wall ( cell 
plate). The initial is indicated in each 
radial row in some of the illustrations, 
and a means suggested of locating the 
change of direction of cambial activity 
by observing certain extra-thick tangen- 
tial walls. 

From these records of the living apex, 
principles derived by the study of the 
cambial zone, and records and discussion 
in literature ( including induced and inter- 
specific chimaeras ), it is concluded that 
apical cells are realities among seed plants, 
each temporarily inheriting the initial 
function at the differential division of its 
parent apical (initial) cell. They under- 
go division during vegetative growth, 
thereby continually contributing to the 
developing plant body. 

May I express my thanks to the Pro- 
fessor of Botany at the University of 
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Sydney, in whose Department the work 
on the living apices was done in 1952, 
while I was a guest research worker. The 
remainder of the work has been done 
at the Division of Forest Products, 
C.S.I.R.O., Melbourne, and I would thank 
Dr H. E. Dadswell, Officer-in-Charge of 
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the Wood and Fibre Structure Section, for 
his interest in the work. Miss E. M. 
Valentine, Technical Assistant, helped 
with the cambial preparations and their 
photography. The original prints for 
the plate were made by the Photography 
Section of this Division. 
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THE GAMETOPHYTE OF THE OSMUNDACEAE 


ALMA G. STOKEY & LENETTE R. ATKINSON 
Mount Holyoke College, South Hadley, Mass., U.S.A., & Amherst, Mass., U.S.A. 


The Osmundaceae is a family of about 
20 species. It has such a wide and re- 
markable distribution in nature and is so 
vigorous in cultivation, that its gameto- 
phyte has received more attention than 
that of any other small family. The wide 
distribution of the three temperate zone 
species of Osmunda and the frequent 
presence of Todea barbara (L.) Moore in 
greenhouses, combined with the rapid 
and vigorous growth of the gametophyte, 
have made it a convenient subject for 
morphological, cytological and genetical 
investigation as well as for various lines 
of physiological experimentation. Most 
workers have limited themselves to one 


or two species or to certain aspects in the 
life of the gametophyte. It is not sur- 
prising that there are gaps and contra- 
dictions in the accounts. Moreover, the 
accounts are scattered and they are not 
all readily accessible. In view of this it 
has seemed desirable to make a study of 
the three genera and to combine con- 
firmatory work with new material. 

The pioneer morphological investiga- 
tions were those of Kny (1872) on 
Osmunda regalis L., and those of Luers- 
sen ( 1874) chiefly on Todea barbara but 
including a little work on T. superba 
Col. [ Leptopteris superba ( Col.) Presl. ] 
and on some stages of O. regalis and 
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O. cinnamomea L. Campbell ( 1892 ) gave 
an extensive account of thegametophyteof 
O. claytonianaL.andO.cinnamomea. Less 
extensive in plan are the more recent 
papers: Jung (1927) on vegetative deve- 
lopment of O. gracilis Link and O. clay- 
toniana; Gerhardt (1927) on vegeta- 
tive development of O. regalis; Orth 
(1936) on O. regalis in connection 
with a general study of types of 
germination; and Sarbadhikari (1939) 
on ©. javanica Bl. with special reference 
to apogamy. 

The present investigation is based on 
seven species in the three genera of the 
family: Todea barbara, Leptopteris superba, 
and five species of Osmunda representing 
the three sections —O. regalis ( Euos- 
munda), ©. claytoniana and O. cinna- 
momea ( Ösmundastrum ), ©. banksitfolia 
(Presl.) Kuhn and O. javanica ( Plena- 
sium ). 


Material and Methods 


The spores of the three native species 
of Osmunda were collected at various times 
in South Hadley and Amherst, Mass.; 
those of O. banksiifolia, by the senior 
author in Ceylon, in 1929; those of 
O. javanica were sent by the kindness of 
Professor R. E. Holttum, from Singapore, 
in 1950; those of Todea barbara were ob- 
tained through the kindness of Professor 
Ethel McLennan, University of Melbourne, 
Melbourne, Australia, who arranged with 
Mr E. Sonenberg to collect and send 
us spores from the University grounds. 
(Rather oddly, T. barbara, a relatively 
common fern at one time in college and 
university greenhouses, had practically 
disappeared from them in the ’40s. ) 
The spores of Leptopteris superba are from 
two collections, one from the Royal 
Botanic Gardens, Kew, and one from the 
University of Glasgow, both sent to this 
country by the junior author in July 
1952. 

Culture of all species were made on 
distilled water, tap water, and porous 
clay crock for some of the studies of the 
early stages; other cultures of the three 
native species of Osmunda were made on 
agar plates and on silica gel for a study 
of successive stages of individual pro- 


thalli. The later stages were obtained 
from cultures on peat. 


Observations 


The spores in this family are spherical 


with short tripartite ridges; they contain | 


chlorophyll and germinate rapidly, and 
they are usually large with considerable 
range in size. The surface is roughened 


by small protuberances or irregular pro- : 


jections in O. regalis and O. claytoniana 
( Figs. 4, 27); stouter and more conspl- 
cuous projections in O. cinnamomea and 
T. barbara ( Figs. 21, 40 ); and short spine- 
like projections 
L. superba ( Figs. 36, 49 e). 


in O. javanica and : 
Our measure- 


ments of the spores are as follows: — 


O. regalis, 54-72 u, average, 67 u.;O. javanica, 
54-67 u, average, 57 1; O. cinnamomea, 
54-65 u, average, 59 u; O. claytoniana, 


41-56 u, average, 50 u; T. barbara, 42-65 u, | 


average, 53 u; L. superba, 39-52 u, 
average, 45 No measurements were 
made of the spores of O. bankstifolia and 
no drawings of the spores except in ger- 
mination stages (Fig. 32). 


The nucleus of the spore is clearly . 


visible before germination showing as a 
light region surrounded by a densely 
granular region (Fig. 49 7); chloro- 
plasts are formed before germination but 
it was not determined how long before. 
If conditions are favourable, germination 
may occur within 24 hr after planting, 
otherwise it may require several days. 
In general in this family the older the 
spores, the slower the germination. The 
period of viability is ordinarily only a few 
days or at most a few weeks, but this can 
be lengthened by keeping the spores 
under refrigeration (Stokey, 1951). At 
germination the spore swells and this 
leads to the rupture of the spore coat at 
the apex of the tripartite ridges. The 
cellulose wall of the young prothallus 
protrudes as a broadly conical region— 
the base of the first rhizoid. Orth 
(1936) reported that in his material 
cell division and the formation of the 
first wall took place before the rupture 
of the spore coat. Less often in our 
material was there an indication of the 
formation of a wall earlier (Fig. 22), 
but apparently it occurs almost simul- 


Fıss. 1-3 — Stages in development of gametophyte of Osmunda vegalis. 
early stages of the same thallus, 3, 5, 6, 8, 9, 12 days. 
Fig. 3 a-f. Later stages with change from apical cell to marginal meristem. x 78. 


days. 


taneously with the rupture of the spore 
coat. The time of the formation of the 
wall may be related to differences in rate 
of germination. Most of our spores 
‘germinated in 1-2 days, but Orth gave 4 
days as the time required for germination. 

A common sequence of division in the 
gametophyte is shown in a series of 
drawings of early stages of O. regalis 
grown on agar (Fig. 1 a-f). The first 
wall forms about the time the spore coat 
ruptures, dividing the spore into two un- 
equal cells — the first rhizoid and the 
first prothallial cell which carries the 
spore coat ( Figs. 5, 6). As Kny ( 1872) 
pointed out, the main axis of growth is 
established at the first division. Orth 
( 1936 ) states that the first wall divides 
the spore into two hemispherical cells, 
and the first rhizoid is cut off later. While 
this may happen at times— the fern 
gametophyte is an extremely plastic 


a 
se 


Fig. 1 a-f. Series of 
Fig. 2 a-e. Later stages, 11, 12, 14, 17, 19 


structure — in our material it was clear 
that in all seven species the first wall cuts 
off the first rhizoid, as was described by 
Kny (1872) for O. regalis, Luerssen 
(1874) for T. barbara, L. superba and 
O. cinnamomea, and Jung (1927) for 
O. gracilis. One of the most uniform and 
characteristic features in the develop- 
ment of the gametophyte in this family is 
the bipolar germination with the pro- 
trusion of the first rhizoid at the apex of 
the tripartite ridges. 

The next wall in O. regalis, the species 
in which the vegetative development has 
been studied in greatest detail, is ordi- 
narily a cross wall in the prothallial 
cell parallel to the first wall ( Figs. 7, 8 ). 
This is usually followed by a longitu- 
dinal division in each of the two pro- 
thallial cells, and thus a plate is formed, 
the “ quadrant ” stage (Fig. 1 b) with 
the division in the anterior cell often a 


Fics. 21-39 — Spore and early stages of gametophyte of Osmunda. 


Be. 217 Spore. 
views of thallus, 7 days. 

Figs. 27-31. O. claytoniana. 
47 days. Figs. 30, 31. 
O. bankstifolia. Fig. 32. Thallus, 3 days. 
Fig. 35. Two views of thallus, 11 days. 
with first wall, plasmolysed. 
dium, 41 days. 
10523235, x215057, Hig 39, x725. 


Fig. 27. Spore. 


little in advance of that in the basal cell. 
A division in the third plane, parallel to 
the substratum, may take place about 
this time; this is indicated in Fig. 9 by 
the division of the protoplasts, and in 
Fig. 11 by the division in the anterior 
cell. Orth (1936) considers that the 
formation of a mass by the early division 
of the basal cell parallel to the substratum 
is the characteristic type. Kny (1872) 


Figs. 22, 23. Early stages of gametophyte, plasmolysed, 2 days. 
Figs. 25, 26. Thallus grown in weak light, crowded, 18 days, 14 days. 
Fig. 28. Two views of thallus, 4 days. 
Thallus grown in weak light, crowded, 34 days. 14 days. 
Fig. 33. 5 days. 
Figs. 36-39. O. javanica. 
Fig. 38. Quadrant stage, 7 days. 

Bios 12730005 Les, 22-26028.030,531,737,338:,.%4 19052105297 x2605 


Figs. 21-26. O. cinnamomea. 
Fig. 24. Two 


Fig. 29. Thallus 
Figs. 32-35. 
Fig. 34. Thallus one-cell thick, 11 days. 

Fig. 36. Spore. Fig. 37. Thallus 
Fig. 39. Thallus with one antheri- 


described the first divisions parallel to 
the substratum as occurring when the 
prothallus consists of 8-12 cells. Luerssen 
(1874), who noted more irregular types of 
germination than Kny, did not mention 
it for O. regalis but described it for 
T. barbara and showed it in his figures as 
one of the possible variants. That a 
wall in the third plane is formed even- 
tually is indicated by the thick base 
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( Figs. 16, 19, 20), but in our material of 
O. regalis the division in the basal cell paral- 
lel to the substratum was more common 
when the prothallus consisted of 6-8 cells 
(Fig. 12) than it was earlier. Fig. 10 
represents the common type. 

There are many variants in O. regalis 
from the usual pattern indicated in 
Fig.1 a-f. The longitudinal wall may appear 
early in the basal cell, while the ante- 
rior shows a horizontal or oblique wall 
(Fig. 13). Oblique walls are not unusual in 
the basal cell ( Figs. 10, 15). In weak 
light a quadrant may send out a filament 
(Fig. 14), or at a later stage a slender 
plate may extend from a broader base 
(Fig. 15). No filament was ever found 
developing from the spore in O. regalıs, 
although it was studied in a large number 
of cultures under a wide range of con- 
ditions over a period of many years. 
There are many differences in form and 
many irregularities which result from 
cultural conditions such as differences in 
light and available space. However, 
similar spores on agar under apparently 
similar conditions of light and moisture 
and with the same access to nutritive salts 
do not always follow the same pattern. 

The gametophyte which differs most 
from O. regalis in the early stages is that 
of O. claytoniana ( Figs. 28-31). O. cin- 
namomea, the other member of the Sec. 
Osmundastrum, is not so far removed 
from O. regalis ( Figs. 22-26). While the 
O. regalis type of development is charac- 
teristic of the early stages of both these 
species, the gametophytes are more plastic, 
and a filament may develop on germina- 
tion. The development of a plate is de- 
pendent on good light and was charac- 
teristic of cultures in a north window in 
June, but 45 m. from the window there 
was a pronounced tendency to form such 
filaments as that in Fig. 30, and in crowded 
regions of cultures of O. claytoniana 
filaments were found with as many as 17 
cells. A young plate giving rise to a 
filament as in O. regalis may also be found 
in O. claytoniana (Fig. 31). In O. cin- 
namomea a filament may arise from 
the spore, but this is less frequent than 
in O. claytoniana and the filament is usual- 
ly short (Fig. 26); a filament may be 
formed between plate-like sections ( Fig. 


25); the basal thickening does not arise 
early (Fig. 24). 

The early stages in the two species of 
the Plenasium section — ©. javanica and 
O. bankstifolia — are more like those of 
O. regalis than are those of the Osmun- 
dastrum section ( Figs. 32-35, 37, 38). | 
A filament did not develop from the spore | 
even in crowded cultures, but sometimes 
it developed from the 3- or 4-celled plate | 
as in O. regalis and O. claytoniana. The © 
divisions in the third plane may be early 
or late; a 7-celled plate may be only one 
cell thick (Fig. 34), or there may be a 
division parallel to the substratum in the © 
basal cell (Fig. 35). Ultimately, there © 
was always a heavy base as in O. regalis. 
There were, however, fewer cultures of 
these species than of our native species, 
and they were not grown under as wide a 
range of conditions. 

The early stages of T. barbara ( Figs. 
41-43) are similar to those of O. regalts. 
There seems to be about the same range 
in type with the quadrant stage occurring 
regularly (Fig. 42), and the division in 
the third plane occurring early, either at 
the time of the first division in the basal 
half of the thallus, or more commonly 
when the thallus consisted of 6-8 cells 
(Fig. 44). The thickening results in a 
heavy base ( Figs. 46, 47). In our cul- 
tures there was no tendency to form a 
filament on germination. The first rhi- 
zoids of Todea, like those of Osmunda, 
contain many chloroplasts, but in the 
former the number is greater and they 
remain green for a longer period. 

The germination of the spore of L. 
superba and the early stages of develop- 
ment of the gametophyte agree with those 
of O. regalis and T. barbara ( Figs. 50- 
54). The first rhizoid has even more 
chloroplasts than that of T. barbara 
(Fig. 53). In the early stage there may 
be a plate or a mass as in Osmunda and 
Todea. No filaments were found in our 
cultures, but we had fewer cultures than 
of our three native species of Osmunda 
or of Todea. 

After the quadrant stage subsequent 
divisions appear rapidly in the anterior 
cells of the plate of all species, but there 
are relatively few in the posterior region 
where the cells attain maturity early and 


Fig. 41. Thallus, 7 days, on water. 


Fig. 42. Quadrant stage, 11 days. Figs. 43, 44. Two views of thallus, 11 days. Fig. 45. Thallus 
with belated rhizoid, 25 days. Fig. 46: Thallus with apical cell, 31 days. Fig. 47. 35 days. Figs. 
48-58. Leptopteris superba. Fig. 48. Thallus with apical cell and thick base. Fig. 49 e, 7. Spore, €, 
external view; i, internal view. Fig. 50. Thallus with first wall, 5 days. Fig. 51. Second wall, 
10 days. Fig. 52. Six-celled plate, 10 days. Fig. 53. 12 days. Fig. 54. 15 days. Fig. 55. Re- 
generated growth with antheridia on margin of thallus, 11 mos. Fig. 56. Cordate stage with midrib, 
8 weeks. Fig. 57. Mature thallus with one archegonium, 4 antheridia, 11 weeks. Fig. 58. Thallus 
with lobe formed by right anterior quadrant. Figs. 40, 49, x 300; Figs. 41-44, 51, 52, x 190; 
Fig. 45, x 175; Figs. 46, 47, X 95; Figs. 50, 53, 54, x 225; Fig. 55, x 80; Fig 56, x 17; 


Fig. 57, x 12; Figs. 48, 58, x 110. 


Fics. 40-58 — Figs. 40-47. Todea barbara. Fig. 40. Spore. 
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show little activity except in the forma- 
tion of rhizoids ( Figs. 1 e, f, 2a-e). In 
the anterior region walls approximately 
parallel to the first two walls appear soon 
and then walls perpendicular to these are 
formed in a more or less regular fashion 
(Fig. 1 c,d). 

The apical cell may appear by the 8th 
or 9th day. It is a well-defined wedge- 
shaped cell cutting segments from the 
right and left sides alternately ( Fig. 
le,f). In Fig. 1d there is a broad wedge- 
shaped cell (the parent of the cell in e), 
but it has not as yet shown definitely the 
character of an apical cell; in c there are 
two such cells, one in each anterior 
quadrant, and both appear to be equally 
promising. In some of the earlier papers 
on the Osmundaceae the term “ apical 
cell’’ was applied to all marginal cells of 
wedge-shaped or quadrant form, and 
even to the two original anterior quadrant 
cells. Orth (1936) states that two or 
three successive apical cells are formed 
not only occasionally but regularly. We 
have never found in healthy well deve- 
loped plates more than one apical cell, 
but occasionally an oblique wall forming 
a wedge-shaped cell may be found in the 
marginal cells of almost any gametophyte, 
not only in the Osmundaceae but also in 
other families. 

The anterior quadrant in which the 
apical cell has developed enlarges rapidly. 
The thallus becomes unsymmetrical ( Figs. 
1 d-f, 2 a, b), since the other anterior 
quadrant is active for only a limited 
period. The cells of the latter undergo 
few divisions, seldom more than 10-12. 
These cells enlarge and soon become per- 
manent tissue, as Jung (1927) pointed 
out for O. gracilis. The divisions of this 
quadrant may be followed in Fig. 2 a-e, 
and a slight lobe is formed which is notice- 
able at this stage but not perceptible in 
an old thallus. The product of this 
quadrant may be recognized although 
the outline of the margin is smooth 
(Fig. 16). Sometimes it forms a con- 
spicuous lobe ( Fig. 58) — a modification 
of the thallus found occasionally in all 
our species. While the posterior quad- 
rants and the less active anterior quad- 
rant are attaining their limited growth, 
the products of the more active anterior 


quadrant containing the apical cell con- 
tinue to divide and enlarge producing an 
elongated plate ( Figs. 2d, e,3 a). i 

A periclinal division occurs in the apical 
cell after it has undergone a limited © 
number of divisions (Fig. 3 0). This : 
indicates the replacement of the apical 
cell by a marginal meristem (Fig. 3. 
a-f). During the apical cell stage the 
thallus is more or less elongated ( Figs. 
16, 46, 48), but with the activity of the © 
marginal meristem the thallus becomes 
broader (Fig. 47). It is, however, 
characteristically longer than the cor- 
responding stage in most of the higher 
ferns. In some cases a group of marginal 
meristem cells may be formed without any 
apical cell stage. At the beginning of the 
marginal meristem stage there may be a 
certain degree of asymmetry, but with 
the activity of the meristem and the 
development of the wings the thallus 
becomes more symmetrical (Fig. 18), 
although the base may remain un- 
symmetrical. 

The first rhizoid in all species of 
Osmunda is notable for its chloroplasts, and 
they are even more conspicuous in Todea 
and Leptopteris. Succeeding rhizoids may 
also contain chloroplasts although not 
as many as the first ( Fig. 16), and they 
are not unusual on gametophytes several 
months old. The wall is colourless in 
young rhizoids and in those on young 
thalli, but those on older gametophytes 
are a reddish or orange brown or even 
dark brown. Weak light tends to delay 
the formation ‘and growth of rhizoids 
( Fig. 17), but other undetermined factors 
may also bring about this effect. For 
example, prothalli growing on clay crock 
resting on peat showed the rhizoid 
scarcely differentiated from the thallus 
when it was 25 days old ( Fig. 45). The 
early rhizoids are marginal and two may 
arise from one cell ( Fig. 58); this may 
also occur on older thalli (Fig. 70). 
With the growth of the thallus the forma- 
tion of the rhizoids occurs chiefly on the 
surface, and eventually the rhizoids arise 
almost entirely from the midrib. In our 
cultures the development of rhizoids on 
the margin persisted longer in L. superba 
than in any other species (Figs. 56, 
57, 67). In the mature thallus of all 
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Fics. 59-65 — Mature gametophyte. 
Fig. 60. 3 mos. 


from interpolated archegonium. Fig. 62. O. bankstifolia, 15 mos. 
Branched thallus with sporophyte and many regenerated growths, 34 yrs. 
Fig. 59, x 9; Figs. 60, 61 a, x 7; Figs. 62, 65, x 4; Figs. 61 b, 63, 64, x 2. 


Fig. 65, 19 mos. 


species under investigation, the rhizoids 
are firm in texture and form a dense 
growth in the centre of the midrib but do 
not encroach on the archegonium-bearing 
strip along the sides. Septation in the 
rhizoids, usually near their base, is not 
uncommon and was found in all species; 
it may occur in both marginal and super- 
ficial rhizoids ( Fig. 70 s,m). The rhizoid 


Fig. 59. O. vegalis, 4 months. 
Fig. 61 a, 5 mos., ventral side of thallus; b, 10 mos., dorsal side of thallus; sporophyte 


Figs. 60, 61. O. claytoniana. 


Figs. 63-65. T. barbara. Fig. 63. 
Fig. 64. Thallus, 6 yrs. 


breaks neatly at the septum when a pull 
is exerted. 

Unlike the broad cordate form of higher 
ferns the thallus of O. regalis, as it ap- 
proaches maturity and develops sex 
organs, has an elongate cordate form 
( Figs.18-20). The thallus is charac- 
teristically flat with a smooth margin, 
and the midrib projects from the ventral 
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side. This elongated form is charac- 
teristic also of the corresponding stages 
in other species, as in L. superba ( Figs. 
56, 66, 67), but there is, perhaps, more of 
a tendency toward the broad form in 
O. claytoniana ( Fig. 60). The thallus re- 
mains flat as development proceeds, but 
there may be a few irregularities and a 
few folds along the margin when the 
thallus is 5-6 months old. These irregu- 
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Fics. 66-70 — Leptopteris superba. Fig. 66 a. Mature thallus, b, base of a, 3 mos. 


Thallus, 6 mos., stippled antheridia on dorsal surface. 


thallus, 32 mos. 


Fig. 70. Septate rhizoids; s, from surface; m, from margin. 


{ March 


larities become more marked as the thallus 
continues to grow for several years ( Figs. 
63-65, 68), but the midrib remains flat, or 
at most slightly depressed ( Figs. 122, 
124), and is never covered by lobes or 
folds, such as are found in the Gleiche- 
niaceae (Stokey, 1950). The midrib 
becomes massive and in old prothalli 
may be 18 cells thick ( Fig. 122). The 


wings at the junction with the midrib 


Fig. 67. 
_ Fig. 69. Branched 
Fig. 66 a, x 11, 665, 


Fig. 68. Thallus, 20 mos. 


x 160; Fig. 67, x 8; Figs. 68, 69, x 5; Fig. 70, x 175. 
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may attain a thickness of four cells, and 
they may be two cells thick for some 
distance outward. Probably a good deal 
of irregularity is caused by the over- 
lapping of prothalli in old cultures, but 
there is also, in this latitude, an irregu- 
larity caused by seasonal growth — the 
development of a broad thallus during 
the long days of summer, and a narrower 
during the darker winter months, unless 
supplementary light is provided. This 
is shown in a thallus of L. superba ( Fig. 
68 ) which grew from July 1952 to March 
1953 in a north window with no light sup- 
plementing that from the sky. 

The gametophytes of all seven species 
are apparently capable of indefinite growth 
if conditions are favourable. The base 
persists over a long period and the thallus 
does not die away early in the posterior 
region as is seen so often in many of the 
gametophytes of higher ferns. All seven 
species have been kept in culture from 21 
months to over 7 years and have produced 
gametophytes which have attained a 
length of 4-6 cm. A thallus of O. regalıs 
only 2 years old was over 5 cm long. If 
any attempt had been made to encourage 
extended growth in length by giving 
favourable conditions to long-lived cul- 
tures rather than modified neglect, the 
prothalli in some of our cultures might 
have been two or three times as long. 

Branching of the thallus is not un- 
common in all three genera (Figs. 63, 
69), and usually occurs after the pro- 
thalli are a year or two old. The thallus 
may branch not only once but five or six 
times. In a culture of L. superba, 32 
months old, several gametophytes were 
found similar to that in Fig. 69, and also 
a considerable number of them bearing 
sporophytes. 

Hairs are not formed on the gameto- 
phyte of any species of the Osmunda- 
ceae, so far as has been observed. 


Sex Organs 


The gametophytes of the Osmunda- 
ceae mature earlier than those of any 
other primitive family. Antheridia may 
be found on cordate prothalli 4-6 weeks 
after the spores are planted, and arche- 
gonia 2-3 weeks later ( Figs. 199205393; 


57). Antheridia are usually found along 
the margin or ventral surface, but they 
may also be found on the dorsal surface — 
in our cultures most often in L. superba 
( Figs. 66, 67). The development of the 
antheridia may continue for several weeks 
or for many months after archegonia have 
begun to develop ( Figs. 62, 125), but it 
is sometimes intermittent, and young 
antheridia may arise among old on the 
posterior part of the thallus as well as in 
younger regions. There may also be 
antheridia on regenerated growths ( Figs. 
55, 63, 125 a-c). In many cultures small 
irregular prothalli one cell thick bearing 
antheridia may be found among the 
rhizoids at the base of archegoniate pro- 
thalli. Of all the gametophytes, both of 
primitive and advanced groups of ferns, 
which we have raised during a study of 
gametophytes extending over a period of 
many years, there is none which equals 
those of the Osmundaceae in the con- 
tinuous production of active spermato- 
zoids. We did not find in our cultures 
ameristic male prothalli, such as Camp- 
bell ( 1892) found in O. claytoniana, but 
in old crowded cultures there are many 
slender prothalli, 1-2 cm long and some- 
times only 8-10 cells wide, with many 
antheridia on the surface. Later, if con- 
ditions are more favourable, the slender 
prothalli may develop broader regions, 
form a midrib, and bear not only antheri- 
dia but also archegonia and even a sporo- 
phyte (Fig. 126 a). 
ANTHERIDIUM — The antheridia are 
large, complicated structures, containing 
many spermatozoids. The antheridium 
initial is cut off superficially from the pro- 
thallial cell by an oblique wall ( Figs. 71, 
72, 89). The initial divides by a wall 
perpendicular (Figs. 73, 74) or parallel 
(Fig. 75) to its base, and succeeding 
divisions separate an outer layer of wall 
cells from the inner spermatogenous cells 
( Figs. 74-81, 90-93). The latter divide 
to produce a large number of spermato- 
zoids (Fig. 83). Stages in the deve- 
lopment of the blepharoplast from a 
group of granules in the spermatid ( Fig. 
82 a-c ) can be clearly seen in all the spe- 
cies studied. We are unable to detect 
precursors of these granules in the 
spermatid mother cells. Divisions in the 


Fics. 71-88 — Antheridium, Todea barbara. 
views. Fig. 71. Division of prothallial cell to form antheridial initial. Fig. 72. Antheridial initial. 
Figs. 73-81. Development of antheridium. Fig. 82a, b, c, developing blepharoplast within spermatid. 
Fig. 83. Mature antheridium. Fig. 84. Spermatogenous cells dividing at different rates. Fig. 85. 
Giant antheridium. Fig. 86. Mature antheridium, lateral view. Fig. 87. Mature antheridium, 
top view. Fig. 88. Dehiscence; O, operculum. Figs. 71-81, 83-88, x 320; Fig. 82, x 2000. 


spermatogenous cells are usually but not 
always simultaneous. In our material 
examples of divisions in one half of the 
antheridium lagging behind those in the 
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Figs. 71-85. Sections. Figs. 86-88. External 


other half were most frequent in Todea 
( Fig. 84). The outer wall of the mature 
antheridium consists of a varying pattern 
of curved cells ( Figs. 86-88, 93-96 ) from 
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one of which, either at the apex of the 
structure ( Figs. 87, 94-96 a) or laterally 
( Figs. 88, 93 ) an opercular cell is cut out. 
This is thrown off at dehiscence ( Figs. 
88, 96 b) releasing a mass of sperm cells 
which usually remain within their mem- 
branes for a few seconds before freeing 
themselves with a jerk and swimming 
away. In the antheridia which continue 
to develop as the prothalli grow older, the 
walls exhibit an increasing complexity 
(Fig. 95). Exceptionally large many-celled 
antheridia, as well as those of the usual 
size, were found occasionally in Todea, 
O. claytoniana and O. javanica ( Fig. 85). 
Dehiscence in these large structures was 
not observed but the metamorphosing 
spermatids look perfectly healthy. 


ARCHEGONIUM — The archegonia ap- 
pear at some distance behind the apical 
meristem — farther behind than in most 
ferns. They are limited to the ventral 
surface except for an occasional arche- 
gonium which arises when the dorsal 
surface is overlapped by another thallus. 
The earliest archegonia occupy a position 
anterior to the developing rhizoids ( Figs. 
59, 60, 66) and are borne laterally, their 
necks extended at right angles to the 
cushion and turned outwards toward the 
wings. They develop along the sides of 
the midrib in 1-2 rows in the young pro- 
thallus, but with increasing numbers in 
the rows as the thallus enlarges and 
thickens; in prothalli 1 year old there 
may be 3-7 archegonia abreast ( Fig. 122). 


Fics. 89-96 — Antheridium. Figs. 89-94, 96. L. superba. 
Developing antheridium. Fig. 93. Mature antheridium, operculum lateral. 


antheridium, operculum distal. 


Fig. 95. Mature antheridium on thallus 4 yrs old. 


Fig. 95. O. javanica. Figs. 89-92. 
Fig. 94, Mature 
Big 90 an Ce 


Mature antheridium seen from above; b, portion of a seen at dehiscence. x 320. 
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This position is characteristic of the Os- 
mundaceae. It is found in all species in 
which the gametophyte has been studied, 
if Jung ( 1927), who described O. gracilis 
but gave no figures to illustrate the posi- 
tion of the archegonia, means that the 
archegonia are in the usual position for 
the Osmundaceae but not for other ferns, 
when he states that they are “in nor- 
maler Stellung”. The position of the 
archegonia in these two lateral rows seems 
to vary slightly with the species. Pro- 
thalli vary in size and number of sex 
organs even within one culture, so that it 
is difficult to determine whether prothalli 
of different species are comparable. After 
examining many sections of prothalli with 
a cushion 7-9 cells thick, the impression 
remains that in O. claytoniana archegonia 
appear only on the cushion proper, the 
distinction between wing and midrib 
being relatively sharp in this species. 
On the other hand, in L. superba they 
appear to extend out toward the less 
sharply marked transition region between 
wings and midrib. Between these two 
extremes lie the other species, with 
T. barbara closer to O. claytoniana. In 
T. barbara and O. claytoniana archegonia 
are found occasionally in the centre of the 
midrib (Fig. 124). This was not observed 
in O. regalis and O. cinnamomea where 
they appear in two regular strips on the 
cushion separated by a rhizoidal area. 
If the apical meristem becomes less 
active or inactive, it may cease to form 
a midrib, and archegonia may arise on 
its anterior face and across its centre 
(Fig. 61a). 

Young archegonia may be found not 
only anterior to the rhizoid-bearing region 
of the thallus but also interpolated among 
older archegonia (Fig. 122), with the 
result that when prothalli have been 
placed in water, freshly opened arche- 
gonia may be found throughout most of 
the archegonium-bearing region. They 
are, of course, most numerous in the 
anterior region about on a level with the 
youngest rhizoids, and it is here that 
young embryos are commonly found. 
The development of a sporophyte not far 
from the base of an old thallus indicates 
that interpolated archegonia are func- 
tional (Fig. 61 5). 


The development of the archegonia can 
best be demonstrated from sections of the 
thallus made at right angles to the midrib. 
If cut at 11 or 12 microns, these give 
median views of the archegonium and 
cut the larger nuclei only once. 

The archegonium initial ( Fig. 97) is a 
superficial cell usually on the ventral 
side of the thallus and is extremely diffi- 
cult to recognize. It cannot be said with 
certainty that a superficial cell with a 
large nucleus is the initial, since other 
cells may have large nuclei when ap- 
proaching division. One must look not 
only for a superficial cell with a large 
nucleus but for one in the right place for 
an archegonium to develop and on a pro- 
thallus of the right age and size. A wall 
parallel to the surface ( Fig. 98) divides 
the archegonial initial into an outer cell — 
the neck initial — and an inner cell from 
which develop the basal cells and the 
axial row — the egg, ventral canal cell and 
neck canal cell. This group of cells is 
almost as difficult to assign to the young 
archegonium as is the initial, and two such 
cells must be sought in the right place. 

Division and growth follow the usual 
pattern to produce the mature arche- 
gonium ( Figs. 98-114). The young inter- 
polated archegonium is often elongated 
( Fig 99 ) possibly as a result of crowding. 
The distal portion of the central cell prior 
to the division to form the neck canal cell 
(Fig. 107) seems unusually long in this 
family. It reaches an extreme in length 
and is found most often in O. javanica, 
in which species also the basal cell may be 
present or absent. As apogamy is not 
unusual in this species ( Sarbadhikari, 
1939), irregularities are to be expected. 
As the neck arches above the surface, it 
is common in this family, for the adjacent 
prothallial cells to be carried out also, 
until they form a part of the sloping 
shoulders so characteristic of the arche- 
gonium ( Figs. 106 a, 109-111, 114, 115). 
Because of this and the enlarged bases 
of the rhizoids, the ventral surface of the 
prothallus becomes very uneven. 

Plastids are present in the young neck 
cells, and an external view of the young 
archegonium shows no distinction in 
colour between the growing neck cells and 
the prothallial cells. At maturity the 


Fics. 97-114 — Archegonium, sections, Todea barbara. Fig. 97. Archegonium initial. Figs. 
98-106 a. Development of archegonium. Fig. 106 b. Detail of central cell in Fig. 106 a. Figs. 107- 
113 a. Further development of archegonium. Fig. 113 b. Detail of neck canal cell in Fig. 113 a. 
Fig. 114. Archegonium, almost mature. All x 320, except 106 b, 113 b, x 1000. 


neck cells are distinctly pale. A section 
at about the time the neck cells begin to 
arch above the prothallial surface reveals a 
great change in the contents of the central 


cell ( Figs. 104, 106). The plastids have 
become very full of starch and they take 
up a position closely surrounding the 
interphase nucleus. Vacuoles have become 
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prominent in the cell ( Figs. 106 a, b, 107), 
and one is consistently present in the peak 
of the central cell directly under the arch- 
ing neck cells. Perhaps these vacuoles 
are instrumental in the extension of the 
neck above the surface of the thallus. 
‘Expanding vacuoles could exert con- 
siderable pressure on the surrounding 
cells, and the free way is toward the 
surface. It was suggested that such a 
vacuole in the mature neck of the arche- 
gonium of Stenochlaena palustris ( Stokey 
& Atkinson, 1952 a), and found also in 
other species, may have some influence in 
opening the neck. In the Osmundaceae 
the vacuole disappears at the division of 
the central cell ( Fig. 108). Since the 
mitotic figure occupies the centre of the 
cell, the starch-filled plastids, perforce, 
occupy the poles, and the neck canal 
receives a large number of them ( Figs. 
109-113). The neck canal is narrow and 
its nucleus is often elongated ( Fig. 113 
a,b). The nuclei in the neck cells, except 
at division, lie near the internal wall ad- 
jacent to the neck canal ( Figs. 104, 107, 
110, 112-115). As maturity approaches, 
not only do the cells of the neck increase 
in size but the lower cells in each tier 
divide tangentially ( Fig. 114). Similar 
divisions occur in the prothallial cells 
adjacent to the egg ( Figs. 111, 113-115). 

The mature archegonium is a “ mas- 
sive” structure (Figs. 115, 116), and 
prior to its opening is composed of the 
following parts developed from the arche- 
gonium initial: two to eight small basal cells 
(if we are correct in assuming that all basal 
cells arise from the lowest cell of the “ tier 
of three ” derived from the archegonium 
initial ), and above these the axial row — 
a large egg well-packed with starch, a 
relatively small ventral canal cell which 
has little starch and which degenerates 
early, and a long binucleate neck canal 
cell containing starch. The axial row is 
surrounded above by four tiers of nine to 
ten large neck cells, and below by a jacket 
of prothallial cells, two cells thick. The 
jacket cells are not derived from the 
archegonium initial but are functionally 
a part of the archegonium. Formation 
of this jacket layer and increase in the 
size of the neck cells do not necessarily 
depend on a functional egg. Both features 


are present in Fig. 121, although the 
entire axial row has disintegrated. Starch 
was reported in the egg cell of O. regalis 
by both Kny (1872) and Luerssen 
(1874). Campbell (1892) found little 
or no starch in O. cinnamomea and 
O. claytoniana. In our material a large 
quantity of starch was regularly present 
in the egg cells of T. barbara, L. superba, 
O. regalis, O. cinnamomea, O. claytoniana, 
and O. javanica. (Suitable preparations 
of O. bankstifolia were not available for 
determining this point.) It seems pro- 
bable that the amount of starch present 
varies with the vigour of the thallus un- 
der different cultural conditions. 

A certain number of anomalies were 
found, among which “ twinning ”’ was the 
most frequent period. It was found in 
O. regalis, O. javanica, T. barbara, and 
L. superba. An archegonium develops 
from each of two adjacent cells ( Fig. 
123 a-e). Structurally the archegonia 
are complete, but since the egg cells 
are contiguous, the paired archegonia 
share a common jacket. They develop 
to maturity with one lagging slightly 
behind the other. The necks open and 
spermatozoids are received. The forma- 
tion of “ twins’’ might be attributed to 
crowding when they are found on large 
prothalli with several hundred archegonia, 
but it cannot explain all cases since they 
are often found quite isolated. 

A cross wall in the neck canal cell was 
observed with certainty in seven arche- 
gonia in five different prothalli ( Fig. 120 ), 
but this condition was accompanied by 
other anomalies — premature disintegra- 
tion of the egg, or the presence of two or 
three ventral canal nuclei. Seven arche- 
gonia with two ventral canal cells ( Fig. 
119 ) were found on six different prothalli 
although normal archegonia were found 
near them. In Fig. 119 the upper ventral 
canal cell is dividing, but no figures were 
found to explain the origin of the second 
ventral canal cell. Cells above the ex- 
pected number at a given stage are some- 
times found, as shown by a compari- 
son of Figs. 103 and 118. 

At maturity the cells of the straight 
neck separate at the tip, the tiers split 
away from each other, bend back toward 
the prothallial surface (Fig. 117), and 


Fics. 115-124 — Archegonium, Todea barbara. Fig. 115. Mature archegonium, median section. 
Fig. 116. Mature archegonium, sagittal section. Fig. 117. Open neck of archegonium seen from 
above. Figs. 118-120. Anomalies. Fig. 121. Old archegonium. Fig. 122. T.s. old thallus, with 
young interpolated archegonia, 7. Figs. 123 a-e. Stages in the development of “ twin ” archegonia. 
Fig. 124. T.s. thallus; archegonium in center of midrib. Figs. 115, 116, 121, x 320; Figs. 117, 
118-120, 123 a-e, x 180; Fig. 122, x 30; Fig. 124, x 42, 
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Figs. 125-129 — Fig. 125 a-c. Todea barbara. Regeneration in gametophyte, 4 yrs old; a, 
dorsal surface of thallus; 6, detail of ventral surface of a ; c, detail of b, outgrowth with 2 antheridia, 
Fig. 126a, b. Osmunda javanica. a, young sporophyte on thallus; b, detail of notch in a. Figs. 127, 
128. O. claytoniana. Fig. 127. Young sporophyte on thallus. Fig. 128 a, b. a, embryo on thallus; 
b, detail of notch in a. Fig. 129. T. barbara. Young sporophyte on thallus; dotted line indicates 
contour of thallus when embryo was first visible, the solid line indicates thallus two weeks later. 
Figs. 125 a, 127, 128 a, 129, x 3; Fig. 125 b, 128 b, x 42; Figs. 125 c, x 75; Fig. 126 a, x 7; 
Fig. 126 6 x 165. 
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overlap tiers of the necks of other open 
archegonia crowded along the sides of the 
cushion. 

Fertilization occurs freely in most 
cultures, unless care is taken to prevent it, 
and sporophytes are easily obtained. 

A phenomenon frequently accompany- 
ing fertilization should be mentioned. 
When a sporophyte becomes established, 
the apical meristem of the thallus may 
cease to function ( Figs. 126 b, 128 5b) and 
the growth of the cushion is checked. 
This has been reported by Allen (1911) 
for the apogamous Aspidium ( Cyrtomium ) 
falcatum and shown by Albaum (1938) 
for Pteris longifolia. In our material of 
O. javanica, O. claytoniana, and T. barbara 
the anterior part of the prothallus bearing 
a sporophyte may become a large plate 
one cell thick (Figs. 126 a, 127, 128 a, 
129), probably by cell enlargement and 
marginal growth. That this does not 
occur always is shown by Fig. 63 for 
T. barbara, and by the thallus of O. cin- 
namomea mentioned below on which two 
sporophytes developed a centimetre be- 
hind the notch. 

Polyembryony is not unusual. If the 
thallus branches, the separate branches act 
as independent plants in the production of 
sporophytes. There are, however, many 
examples of polyembryony on unbranched 
gametophytes. A thallus of T. barbara, 
- which had been flooded for fertilization 16 

days before it was killed, bore four em- 
bryos still in the venter: two in the two- 
celled stage, one consisting of several cells, 
and one of many cells. Mottier ( 1925 ) 
said that by repeated waterings as many 
as five sporophytes could be produced on 
a single sporophyte of O. claytoniana. 
In our cultures an unbranched thallus of 
O. claytoniana ten months old bore two 
sporophytes, each with three leaves, one 
near the apex and the other five mm behind 
it. A thallus of O. cinnamomea two years 
old and three cm long bore two sporo- 
phytes, each with two leaves, more than 
a centimetre from the apex — both obvious- 
ly derived from interpolated archegonia. 


Regeneration 


One of the characteristic features of 
fern gametophytes, regeneration, is parti- 


cularly abundant in the Osmundaceae. 
It may be found in any culture maintained 
for a considerable period of time ( Figs. 
63, 125 a). It is likely to occur as the 
gametophytes approach a year in age 
after there has been a considerable pro- 
duction of antheridia and archegonia, 
especially if there has been crowding and 
overlapping of the thalli. Mottier ( 1927 ) 
investigated conditions favouring the for- 
mation of proliferations on the gameto- 
phyte of O. claytoniana. In our material 
young regenerated prothalli arise from 
the margin ( Fig. 55 ), or from the surface, 


‚particularly the ventral surface, from the 


midrib or the wings, in fact, from any 
vegetative part of the thallus. This is 
illustrated by the luxuriant growth from 
a thallus of T. barbara three and a half 
years old ( Fig. 63 ); this thallus also bore 
a healthy sporophyte in addition to the 
good crop of regenerated outgrowths, the 
smaller with antheridia and the larger with 
archegonia. In our material the proli- 
ferations from the cushion (T. barbara, 
O. claytoniana) may take the form of 
elongated slender plates, more or less 
cordate plates, or may be spherical or 
elongated lobes which become detached at 
a touch (Fig. 125 b,c). The latter bear 
rhizoids and usually produce antheridia. 


Discussion 


The gametophyte of the Osmundaceae 
within the limits of its relatively simple 
organization is as distinct from that of 
other families of ferns as is that of the 
sporophyte. There are other ferns with 
chlorophyll-bearing spores — the Hyme- 
nophyllaceae, the grammitid ferns, Ono- 
clea and Matteuccia — but in all these 
the germination habit is different. It is 
only in the Osmundaceae that there is the 
bipolar type, first pointed out by Kny 
(1872). Inthe peculiar development of the 
Trichomanes-type spore (Stokey, 1940), 
there are occasional cases which suggest bi- 
polar development, but these occur only 
when there is a suppression of the charac- 
teristic tripolar development, possibly resu- 
Iting from external factors. Campbell 
thought that the variations from bipolar 
development which he found in O. clayto- 
niana weakened the force of Kny’s distinc- 
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tion, but in our cultures of that species the 
tendency of the first rhizoid to develop 
laterally did not seem to be sufficiently 
pronounced or frequent to be significant, 
especially as such development usually 
occurred in weak light rather than under 
conditions favourable for typical develop- 
ment. It is not surprising that such 
variants occur in O. claytoniana, one of 
the most plastic species in the family, 
although the prevailing and characteristic 
germination is bipolar. 

The formation of a plate or mass on 
germination is characteristic of all species 
in thisinvestigation. It was only in ©. clay- 
toniana and O. cinnamomea that germi- 
nation was found to result in a filament, 
and then it appeared only in weak light or 
when cultures were crowded — not when 
conditions were favourable for typical 
and free development. The mass or 
plate habit is characteristic of primitive 
groups, but the bipolar development in 
the Osmundaceae is so different from that 
of other primitive families that it gives 
no suggestion of relationship. 

The exceptionally large number of chloro- 
plasts in the first rhizoid, the continued 
production for some weeks or months of 
rhizoids with chloroplasts, and the lack 
of colour in the walls of the first rhizoids 
may be taken as an indication of a low 
degree of differentiation. Although the 
rhizoids of the Marattiaceae (Stokey, 
1942 ) have colourless walls throughout the 
life of the gametophyte, at no stage do the 
rhizoids contain a large number of chloro- 
plasts. In both families rhizoids containing 
chloroplasts may be found occasionally for 
months, or even years. This habit has 
probably no connection with the presence 
of chlorophyll in the spores. In the Hy- 
menophyllaceae the first rhizoid, which 
may be slow in development, has fewchloro- 
plasts and a wall which soon begins to turn 
brown (Stokey, 1940). An early loss of 
chlorophyll and a change in colour of the 
wall suggest a higher degree of speciali- 
zation. In our cultures of grammitid 
ferns there was a rapid browning of the 
rhizoid and often a belated development 
of the first rhizoid. In Matteuccia and 
Onoclea there are very few chloroplasts in 
the early rhizoids and the wall soon turns 
brown, 


Septation in the rhizoid is rather com- 
mon in the Osmundaceae. This has been 
found most frequently in primitive fami- 
lies — in the Marattiaceae, Danaea sım- 
plicifolia ( Brebner, 1896 ) and in Marattia 
sambucina (Stokey, 1942) — but it is 
not limited to primitive groups. 

In its mature habit the primitive 
character of the family is pronounced. 
The gametophyte is large with an excep- 
tionally heavy midrib and the thicken- 
ing may extend into the wings. It is a 
‘massive ” type in which the basal por- 
tion is persistent and does not die off un- 
less overgrown by adjacent prothalli. 
As has been mentioned by earlier workers, 
a thallus several years old may look more 
like a liverwort than like a fern gameto- 
phyte. The lack of hairs emphasizes not 
only its liverwort-like aspect but also its 
primitive character. ‘The tendency to 
branch with age is occasionally seen in the 
robust gametophytes sometimes found in 
higher families, but it is much more com- 
mon in the primitive groups — Marattia- 
ceae, Gleicheniaceae, Matoniaceae, and 
even the Cyatheaceae. It occurred fre- 
quently in cultures of all three genera, 
sometimes with the formation of four to 
six branches. 

The germination of the spore and deve- 
lopment of the thallus is more rapid than 
in other primitive groups, and as these 
characters are associated with the early 
production of sex organs, it is not sur- 
prising that the family has been so suc- 
cessful, particularly in the temperate zones 
with their short growing seasons. The 
position of archegonia along the sides of 
the midrib where they are not covered 
by rhizoids — a specialization peculiar to 
this family — permits the interpolation 
of young archegonia among the old, so 
that their production is not limited to the 
advancing apex. 

The family is unusual among the pri- 
mitive groups in producing a considerable 
number of antheridia on the margin as 
well as on the dorsal surface of the thallus. 
The antheridia have the characteristics 
of primitive antheridia — large size, com- 
plicated structure of the wall layer, and 
a large spermatogenous content. As is 


usual in this type, dehiscence is brought : 


about by the discharge of the opercular 
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cell. The walls in young antheridia of 
most ferns contain chloroplasts. These 
degenerate later and the mature antheri- 
dia appear pale. In the Osmundaceae, 
on the other hand, the green colour of the 
mature antheridium is very pronounced, 
particularly in T. barbara, L. superba and 
O. javanica. 

The archegonium is unusual in having a 
straight neck tapering from a heavy base. 
There is no bend forward as in the thick 
prothalli of the Gleicheniaceae ( Stokey, 
1950) and the Matoniaceae (Stokey & 
Atkinson, 1952 b), or backward as in the 
thinner prothalli of higher ferns. The 
straight neck is found also in the Hymeno- 
phyllaceae (Stokey, 1948), but in this 
family the neck is considerably shorter. 
If there is any advantage in the more or 
less horizontal position of the neck, as may 
be inferred from its prevalence, it is more 
readily obtained in the Osmundaceae by 
necks which grow approximately at right 
angles to the midrib. The enlargement 
of the tip of the neck, which seems to 
be connected with the development of 
one or more vacuoles, is a character which 
has evolved later in gametophyte history, 
and, perhaps, in a different evolutionary 
line. 

The presence of a large amount of 
starch in the canal cells and egg is a 
feature, so far as is recorded, peculiar to 
this family. Emberger (1921), in his 
study on plastids, postulates a granular 
chondriosome for the egg cell of the higher 
ferns and figures it for Adiantum capıllus 
veneris L. Such an accumulation of 
starch as is found in the Osmundaceae 
would not be likely to occur in the thin 
short-lived gametophytes which may deve- 
lop from spore to fertilized egg in 4-6 
weeks, but there may be a correlation with 
the thickness and long life of the gameto- 
phyte of the Osmundaceae. It is possible 
that the reserve food in the egg has 
favoured the young sporophyte and has 
had its share in making this a successful 
and persistent family. 

The high development of the habit of 
regeneration in the Osmundaceae may be 
related to the extraordinary vigour of the 
gametophytes in this family, in conse- 
quence of which the adverse conditions, 
which kill less robust gametophytes, act 
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as a stimulus to the production of re- 
generated growths. 

The gametophyte of the Osmundaceae 
from the time of the germination of the 
spore until maturity and old age differs 
from that of any other fern group. There 
iS no significant variation among the 
species. There is nothing in the structure 
or development of the gametophyte which 
gives any indication of the relationships 
of this ancient family. 


Summary 


Seven species of the Osmundaceae were 
included in this investigation: Todea 
barbara, Leptopteris superba, and repre- 
sentatives of the three sections of 
Osmunda — Euosmunda, Osmundastrum 
and Plenasium. The characteristic bi- 
polar germination of the chlorophyll- 
bearing spores may occur in one to two 
days with the protrusion of a rhizoid 
containing many chloroplasts. 

The formation of the characteristic 
“quadrant ” plate may occur in four to 
five days. Division in the third plane may 
occur about this time but more often later; 
this division is less common in the Os- 
mundastrum section. Germination as a 
filament is frequent in O. claytoniana but 
is less common in O. cinnamomea, and did 
not occur at all in the other species. The 
apical cell may appear in one of the an- 
terior quadrants about the 8th day. The 
other anterior quadrant and the basal 
quadrants undergo few divisions, and their 
products contribute only a small share to 
the formation of the thallus. The thallus 
is robust and is apparently capable of in- 
definite growth taking on the aspect of a 
liverwort. The midrib may attain a 
thickness of 18 cells. Branching of the 
thalli is common, usually when they are 
more than a year old. The rhizoids have 
colourless walls in the early stages of the 
gametophyte; later they become various 
shades of orange brown, reddish brown, 
or dark brown; they are stiff, often 
septate, and are limited to the center of 
the midrib. 

Antheridia may appear in five weeks 
and archegonia two to three weeks later. 
The antheridia may develop on the margin 
or surface; they are of the large primitive 
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type with a complicated wall layer; the 
operculum is discharged at dehiscence. 
Archegonia, with rare exceptions, develop 
along the sides of the midrib at first singly 
and later in three to seven rows. The 
large heavy necks which taper toward the 
tip extend straight from the sides of the 
midrib. Starch is abundant in the egg. 
Young archegonia are interpolated among 
the old, and sporophytes may develop far 
back on the thallus. Polyembryony is 
frequent. Regeneration may occur abun- 
dantly on margin and surfaces. When an 


embryo is formed in the young part of the 
thallus, the anterior region ceases to form 
a midrib bearing archegonia and rhizoids, 
and may develop a large plate one cell 
thick. 

Part of this investigation was carried 
out by the senior author at the Marine 
Biological Laboratory, Woods Hole, Mass. 

The junior author wishes to express her 
gratitude to the Biology Department, 
Amherst College, Amherst, Mass., for 
many courtesies and certain technical 
assistance. 
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THE EMBRYOLOGY OF LIMNANTHES 
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Introduction 


The references to Limnanthes made by 
Payer ( 1857), Hofmeister ( 1858), Guig- 
nard (1893) and Baillon (1894) are casual 
and of little consequence. Stenar ( 1925) 
was the first to give a detailed account of 
the female gametophyte in L. douglasii. 
According to him the meiotic divisions 
proceed without wall formation, so that 
the embryo sac is tetrasporic. Stenar 
interpreted the embryo sac as of the Lilium 
( = Adoxa) type. 
nucleate stage with all the nuclei in pro- 
phase, but gave no explanation of its origin. 
Eysel ( 1937 ) confirmed the occurrence of 
Adoxa type. He too saw embryo sacs 
with three nuclei but the chalazal nucleus 
had degenerated and appeared like a 
nucleolus both in its form and staining 
reactions. According to Eysel it was pro- 
bably the nucleus of a nucellar cell which 
had become incorporated into the embryo 
sac. I shall revert to this point in the 
‘ Discussion ”. 

Fagerlind (1939) figures numerous 
variations in the development of the 
female gametophyte and speaks of a decid- 
ed tendency towards the degeneration of 
the chalazal nuclei. He calls attention to 
the protrusion of the embryo sac beyond 
the nucellus at about the four-nucleate 
stage. More recently Mason ( 1950 ) has 
interpreted the embryo sac of Limnanthes 
as bisporic, while Harling (1950 ) on the 
basis of Fagerlind’s observations desig- 
nates it as tetrasporic, pseudomonosporic 
and biphasic*. 


*If only one out of the four nuclei formed 
after the meiotic divisions proceeds to divide 
to form the mature sac, the development is 
referred to as pseudomonosporic. The term 
biphasic means that two post-meiotic divisions 
take place before the organization of the embryo 
sac. 


Once he saw a three- - 
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The only other genus of the family, 
Floerkea, has been studied by Johri & 
Maheshwari (1951). Here also the em- 
bryo sac is tetrasporic. The upper two 
nuclei of the four-nucleate embryo sac 
divide to form the egg apparatus and the 
upper polar nucleus; the two chalazal 
nuclei remain undivided, one of them 
functioning directly as the lower polar 
nucleus while the other degenerates. The 
endosperm is Nuclear. 


Material and Methods 


Preserved material of Limnanthes dou- 
glasii was obtained by Professor P. 
Maheshwari from the U.S.A. through the 
courtesy of Dr E. M. Gifford, Dr M. S. 
Cave and Professor L. Constance ( Univer- 
sity of California ), Professor Harlan Lewis 
( University of California at Los Angeles ), 
Dr E. McClintock ( California Academy of 
Sciences) and Dr H. F. Copeland ( Sacra- 
mento Junior College, California). He 
had himself collected some material from 
the Botanical Gardens at Copenhagen and 
Kew while touring Europe on the occassion 
ofthe 7th International Botanical Congress 
(1950). All these collections together with 
many prepared slides of L. striata were 
kindly passed on to me. 

The material, which was all fixed in 
formalin-acetic-alcohol, was run through 
the alcohol-xylol series and imbedded in 
paraffin in the usual way. Depending on 
the age and size, sections were cut at a 
thickness of 8 to 16 u. The slides were 
stained with Heidenhain’s haematoxylin 
followed sometimes by 0-5 per cent al- 
coholic Fast Green or a combination of 
Safranin and Fast Green. 

The following account refers mainly to 
L. douglasii, although some preparations 
were also made of L. striata. Unless 
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Fics. 1-3 — Fig. 1. 
five carpels with gynobasic style and five capi- 


Gynoecium showing the 


tate stigmas. x 95 Fig. 2. T.s. same, at the 
place of origin of the style. x 38. Fig. 3. Por- 
tion marked X in Fig. 2 enlarged to show the 
papillate hair lining the stylar canal. x 250. 


specifically mentioned all the figures are of 
L. douglasu. À 


Observations 


OVARY AND OVULE — The gynoecium is 
pentacarpellary ( Fig. 1 ) and hypogynous. 
The style is gynobasic. The cells lining 
the stylar canal especially at the base are 
papillate and starch filled ( Figs. 2, 3). 
There are five capitate stigmas. Each 
carpel has a single anatropous ovule borne 
on a basal placenta. The ovule is uni- 
tegmic with a single vascular trace which 
divides into eight to nine bundles. The 
nucellus is scanty and consists of only the 
epidermis at the micropylar end and one 
or two layers at the sides. It degenerates 
at an early stage, so that the embryo sac 
is in direct contact with the integument. 
A few integumentary cells at either end of 
the embryo sac become thick walled ( Figs. 
40, 46) with dense cytoplasm and appear 
to have a nutritive function. They can 
be identified well up to the globular stage 
of the embryo ( Figs. 42, 48 ). 

THE MICROSPORANGIUM AND MALE 
GAMETOPHYTE — The anther comprises 
four elongated microsporangia. At matu- 
rity both the sporangia of each side 


become confluent due to the breaking 


«down of the partition between them. 


A young microsporangium shows a mass 
of homogenous cells bounded by the 
epidermis. As the anther becomes four- 
lobed, a multicelled hypodermal arches- 
porium differentiates in each lobe. The 
archesporial cells divide to form the pri- 
mary parietal and the primary sporoge- 
nous layers. The former undergoes peri- 
clinal divisions to form four concentric 
layers (Fig.4). In the meantime the pri- 
mary sporogenous cells divide to form 
a large number of microspore mother 
cells. 

The anther wall comprises the epidermis, 
endothecium, two middle layers, and a 
tapetum. The epidermal cells become 
greatly stretched and flattened due to the 
enlargement of the anther. The endothe- 
cium consists of radially elongated cells 
( Fig. 5), which develop prominent bands 
at the time when the microspores separate 
from the tetrad. It reaches its maximum 
development at the shedding stage of the 
pollen (Fig. 12). The bands run longi- 
tudinally from the inner to the outer 
tangential walls. The two middle layers 
become flattened and crushed during the 
meiotic divisions of the microspore mother 
cells although their remains can be distin- 
guished up to the early binucleate stage of 
the pollen grain. 

The tapetal cells become binucleate dur- 


ing meiosis and their cytoplasm contains 


small densely staining granules. During 
the formation of the microspores the cyto- 
plasm becomes vacuolated and the nuclei 
begin to degenerate. Later the cells also 
degenerate and can be recognized only 
with difficulty in the mature anthers. 

The meiotic divisions in the microspore 
mother cells are simultaneous and cyto- 
kinesis occurs by furrowing. The micro- 
spores are arranged in a tetrahedral fashion 
(Fig.6). After their separation from the 
tetrads, they have a globular appearance 
and show two germinal pores. 

The young microspore contains dense 
cytoplasm and a centrally situated nucleus 
(Fig. 7). With increase in size there is 
vacuolation and the nucleus gets displaced 
to a peripheral position. The metaphase 
spindle which is situated near the wall of 
the pollen grain, is symmetrical with both 


Fics. 4-12 — Microsporangium and male gametophyte. 
microspore mother cells and the four wall layers. x 535. 


bicelled pollen grains. x 535. 


Fig. 4. Young anther lobe showing 
Fig, 5. T.s. portion of anther showing 
endothecium, two middle layers of which the inner has degenerated, glandular tapetum and 


Fig. 6. Microspore tetrad, tetrahedral. x 660. Fig. 7. Uni- 


nucleate pollen grain. x 660. Figs. 8, 9. Microspore nucleus in metaphase and telophase res- 


pectively. x 660. Fig. 10. Bicelled pollen grain. 


x 660. Fig. 11. T.s. mature anther. x 34, 


Fig. 12. Same, portion enlarged to show details. x 535. 


the poles pointed (Fig. 8). The cells 
formed by the division are always unequal. 
There is little or no synchronization in the 
divisions of the microspores contained in a 
loculus, uni- and bi-nucleate pollen grains 
commonly occur in the same loculus. The 
cell membrane separating the vegetative 


from the generative cell is ephemeral. 
Soon after its formation, the generative 
cell loses contact with the wall of the 
pollen grain and moves into the vegetative 
cytoplasm. 

- The generative cell is more or less 
elliptical (Fig. 10). Its cytoplasm is 


Fics. 13-19, 
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non-vacuolate and hyaline. The nucleus of 
the vegetative cell is globular and usually 
binucleolate but often multinucleolate. 
The pollen is shed at the two-celled stage. 

The cells at the junction of adjacent 
loculi are thin walled (Fig. 12). In the 
mature anther they degenerate and dis- 
solve, thereby effecting a longitudinal 
dehiscence. 

DEVELOPMENT OF THE FEMALE GAMETO- 
PHYTE — A hypodermal archesporium can 
be distinguished in the young ovule before 
the integument is initiated (Fig. 13). 
The archesporial cells enlarge and become 
vacuolated (Fig. 14). A parietal cell is 
never cut off. Asarule only one (Fig. 21) 
but sometimes two cells function as mega- 
spore mother cells and undergo the meiotic 
divisions. The non-functioning sporoge- 
nous cells also elongate but remain rather 
narrow and can be distinguished until a 
late stage ( Figs. 16, 17). The nucleus of 
the megaspore mother cell lies in the 
middle with prominent vacuoles on either 
side (Fig. 21). The result of the first 
meiotic division is a two-nucleate embryo 
sac in which the chalazal nucleus is mark- 
edly smaller than the micropylar and 
promptly degenerates ( Fig. 15). Despite 
repeated search, I have not come across a 
single case where both these nuclei pre- 
sented a healthy appearance. Thus the 
chalazal nucleus does not take any further 
_ part in the development of the gameto- 
phyte. The next division gives rise to a 
three-nucleate condition (Figs. 16, 22) 
showing the degenerated chalazal nucleus, 
one nucleus situated somewhat in the 
middle of the sac and the third well below 
the extreme apex. Prominent vacuoles 
separate the nuclei ( Fig. 22). The three- 
nucleate stage is followed by a four- or 
five-nucleate stage. The former seems to 
be the result of a division of the uppermost 


nucleus and the latter of divisions of both 
the healthy nuclei of the three-nucleate 
stage (Figs. 17, 24). In one embryo 
sac three of the five nuclei appear to be 
fusing —suggesting a Fritillaria type of 
development ( Fig. 23 ). 

Only the upper two nuclei of the four- 
or five-nucleate embryo sac divide again 
resulting in six- or seven-nucleate gameto- 
phytes respectively ( Figs. 26, 27). The 
mature embryo sac consists of the usual 
egg apparatus, two polar nuclei and one 
or two degenerated nuclei or rarely healthy 
cells which may be considered as anti- 
podals. The synergids are extremely 
large, hypertrophied and beaked with a 
well developed filiform apparatus and a 
hook in L. douglasii ( Figs. 18, 19). In 
L. striata also the synergids are generally 
beaked but smaller, and do not show a 
prominent filiform apparatus and hook 
( Figs. 25, 26). The egg is comparatively 
slender and normal looking, usually with 
a small vacuole just above the nucleus. 
The polar nuclei are large and prominent 
and imbedded in dense cytoplasm. 

FERTILIZATION — The actual stages in 
fertilization were not available, but judging 
from the course of development it appears 
that syngamy and triple fusion occur in a 
normal manner. Empty pollen tubes 
were frequently seen in the micropylar 
canal. One mature embryo sac showed 
three closely adpressed nuclei below the 
egg apparatus ( Fig. 19). Most probably 
two of them represent the polar nuclei. 
The exact nature of the third could not be 
ascertained. It could be a sperm nucleus, 
or perhaps a nucleus from the lower part 
of the embryo sac which has travelled 
upward. 

EmBryo— The first division of the zygote 
is transverse ( Fig. 28). The terminal cell 
divides by a longitudinal or an oblique 


<— 


Fics. 13-19 — Development of female gametophyte. Fig. 13. L.s. young ovule showing a 


group of hypodermal archesporial cells. 


become vacuolated, the primordium of the integument is noticeable. 
lower nucleus of the two-nucleate embryo sac has degenerated. 
sac, the middle nucleus is considerably smaller than the micropylar. 
genous cell is seen alongside the embryo sac. 


d ted llus and the non-functioning sporogenous cells. 
Roig, 19 chows + two polar nuclei and a third problematic nucleus discussed 


sacs; Fig. 19 shows the egg apparatus, 
in the text. All Figs. x 590, 


Fig. 17. Four-nucleate embryo sac. 


Fig. 14. Same, later stage, the sporogenous cells have 


Fig. 15. L.s. nucellus, the 
Fig. 16. Three-nucleate embryo 
A non-functioning sporo- 
Note the 
Figs. 18, 19. Mature embryo 


Fics. 20-27 — L. striata, development of female gametophyte. Fig. 20. L.s. nucellus showing 
megaspore mother cell and a non-functioning sporogenous cell below it. Fig. 21. Same, vacuo- 
lated megaspore mother cell. Figs. 22, 23. Three- and five-nucleate embryo sacs. The lower 
three nuclei in the latter are situated very close to one another. Fig. 24. Five-nucleate embryo sac. 
Fig. 25-27. Mature embryo sacs; for explanation see text. All Figs. x 824, 
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Fiss. 28-38 — Development of embryo. Fig. 28. Two-celled proembryo. Figs. 29, 30. Eight- 
and ten-celled embryos. Figs. 31, 32. Embryos approximately 18-celled. Fig. 33. Globular 
embryo. Fig. 34. Same, dermatogen is cut off. Figs. 35, 36. Later stages. Figs. 37, 38. Embryos 
with cotyledons differentiated. Figs. 28-35 x 580, Fig. 36 x 360 and Figs. 37, 38 x 156. 
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À if 


Sa 
neste: 


Fics. 39-44 — (emb, embryo). Fig. 39. 
L.s. ovule at six-celled stage of embryo. x 36. 
Fig. 40. Portion marked A in Fig. 39 enlarged 
to show the thick walled cells at the base of 
the micropyle. x 360. Fig. 41. L.s. ovule at 
globular stage of the embryo. x 36. Fig. 42. 
Portion marked B in Fig. 41 enlarged to show 
the flask-shaped cavity formed in the micropyle 
due to breakdown of cells just above the ligni- 
fied zone. x 360. Fig. 43. Free-nuclear endo- 
sperm after the first division of the zygote. 
x 360. Fig. 44. Epidermal cell of pericarp of 
an almost mature seed. x 563. 


wall (Fig. 29). Both the daughter cells 
divide by walls at right angles to the first 
resulting in a quadrant (Fig. 30). 
Another vertical division at right angles to 
the last forms the octant. Periclinal 
divisions then cut out the dermatogen 
( Fig. 33 ) and the inner cells undergo fur- 
ther divisions to give rise to the perib- 
lem and plerome initials. Repeated divi- 
sions in the embryonal mass produce the 
globular and the heart-shaped embryo 
(Figs. 34-38). Later stages were not 
available. 


The basal cell undergoes a series of 


transverse divisions whereby a long uni- 


seriate suspensor is formed ( Figs. 31932 


Fics. 45-48 — (int, integument; peri, peri- 


carp; t, tannin). Fig. 45. L.s. ovule at mature 
embryo sac stage. x 21. Fig. 46. Portion 
marked C in Fig. 45 enlarged to show the thick 
walled cells at the chalazal end of the embryo 
sac. x 344. Fig. 47. L.s. ovule at the globular 
stage of the embryo. x 21. Fig. 48. Portion 
marked D in Fig. 47 enlarged to show the 
integument and the pericarp. x 344. 
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34, 36). It probably helps in pushing the 
embryo proper down the cavity of the 
embryo sac. The basal cell of the sus- 
pensor becomes enlarged. 

During the development of the embryo 
one of the synergids persists and becomes 
hypertrophied. It takes a dense stain 
and contains abundant starch. Possibly 
it has a haustorial function. 

ENDOSPERM — The endosperm is of the 
Nuclear type (Fig. 39). At the time of 
division of the zygote there are 16-24 free 
nuclei but not less than 500 are present 
at the globular stage of the ‘embryo. 
Although the number of nuclei increases 
still further, walls are not laid down at any 
stage. The nuclei are dispersed peri- 
pherally in a thin layer of cytoplasm with 
a greater aggregation towards the chala- 
zal end. 

SEED CoaT — The young ovule is enve- 
loped by an integument of about 16 layers 
of more or less uniform-sized cells. Further 
development is marked by the appearance 
of two groups of lignified cells one at either 
end of the embryo sac. A few cells be- 
yond the chalazal zone of lignified cells 
elongate radially and later disorganize 
( Fig. 47). The remaining integumentary 
cells become filled with starch. At the 
micropylar end the cells situated above 
the lignified zone disorganize leading to the 
formation of a flask-shaped cavity ( Fig. 
42). Cells adjacent to the vascular trace 
of the integument get filled with tannin. 

At the time of initiation of the arche- 
sporium in the ovule, the ovary wall con- 
sists of six to seven layers of cells. As the 
ovule grows, the ovary wall broadens and 
its surface becomes uneven due to more 
active divisions at localized spots destined 
to form ridges. The latter become very 
prominent after fertilization. The epi- 
dermal cells of the pericarp show scrobi- 
culate thickening ( Fig. 48). The under- 
lying cells are filled with tannin. 

The oldest seeds show 4-5 layers of in- 
tegument cells enclosed in a well developed 
pericarp. 


Discussion 


Several features like the type of develop- 
ment of the embryo sac, protrusion of its 
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upper part into the micropyle, and its final 
organization are controversial points which 
are briefly discussed below. 

TYPE OF EMBRYO SAC DEVELOPMENT — 
Up till recently at least the tetrasporic 
origin of the embryo sac was considered 
to be undisputed ( see Stenar, 1925; Eysel, 
1937; Fagerlind, 1939). Mason ( 1950 ) 
has, however, interpreted it as bisporic 
type. His argument is as follows: “ Inas- 
much.as it is only the upper dyad nucleus 
which continues to develop in Limnanthes 
and because four divisions occur in the for- 
mation of the egg, the origin of the embryo 
sac should be considered as bisporic rather 
than tetrasporic.” However, the classi- 
fication of embryo sacs into mono-, bi- and 
tetrasporic types is primarily based on the 
presence or absence of walls separating the 
megaspore nuclei ( see Maheshwari, 1950 ). 
In Limnanthes walls are not laid down after 
either the first or the second meiotic divi- 
sion. In fact even functionally the embryo 
sac cannot be regarded as bisporic, because 
sometimes the chalazal end also gives 
evidence of activity (see Fig. 25; also 
Fagerlind, 1939 ). 

In my opinion the only place where it 
can be included in the present classification 
isin the Drusa type of which it is a modi- 
fied and extremely reduced member. 

PROTRUSION OF EMBRYO SAC — Fager- 
lind ( 1939 ) reported the protrusion of the 
upper part of the embryo sac.beyond the 
nucellar limits at about the four-nucleate 
stage. None of the other workers, who 
investigated the same species, reports such 
a behaviour ( see Stenar, 1925; Eysel, 1937; 
Mason, 1950). In my preparations also 
there was no indication of the embryo sac 
extending beyond the nucellus into the 
micryopyle. 

THREE-NUCLEATE STAGE — A character- 
istic feature of the two- and three-nucleate 
stages is the presence of a small degenerat- 
ed body at the chalazal end. This re- 
presents the lower of the two nuclei of the 
two-nucleate stage and has been observed 
by Stenar (1925), Eysel (1937), Fager- 
lind (1939) and Mason (1950). Eysel 
(1937) writes that the degenerated body 
represents a nucellar nucleus which has 
become incorporated into the embryo sac 
by the dissolution of the common wall. 
This interpretation is not acceptable, 


50 PHYTOMORPHOLOGY 


because degeneration of the nucellar cells 
sets in only after the three-nucleate stage, 
whereas the small black body makes its 
appearance right after the first heterotypic 
division. Moreover, its general appear- 
ance is quite different from that of the 
other degenerating nucellar cells. 

ANTIPODALS — The absence of antipodal 
cells is a peculiar feature of the embryo 
sac. In L. striata, however, two cases were 
observed of their presence. One of these 
showed two more or less degenerated nuclei 
lying side by side while in the other they 
were quite healthy and looked like cells. 

The present and previous investigation 
on the female gametophyte and embryo- 
genesis of L. douglasii give the impression 
of the occurrence of several races of this 
species. The shape of the synergid and 
basal cell of the suspensor, the contour of 
the ridges of the seed, and extent of 
tannin-filled cells in the pericarp present 
variation — bearing the contention of hete- 
rogeneity in the plant. It is desirable that 
taxonomic study of the plant in its natural 
habitat is undertaken by botanists in 
favourable localities. 


Summary 


The gynoecium consists of five carpels 
and a gynobasic style. The stylar canal is 
lined with papillate, starch-filled cells. 

The anther wall consists of the epider- 
mis, endothecium, two middle layers and 
aglandular tapetum. Dehiscence is longi- 
tudinal. Cytokinesis takes place by fur- 
rowing and the pollen grains are two-celled 
at the time of shedding. 

The ovule is anatropous, unitegmic and 
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vascular supply. The archesporium is 
multicelled. No parietal cell is cut off 
and generally only one megaspore mother 
cell functions. The development of the 
embryo sac is interpreted as of the 
pseudomonosporic, biphasic type. The 
synergids in L. douglasii and the polar 
nuclei in L. striata are very prominent 
structures. The antipodals are absent or 
ephemeral. 

The first division of the zygote is trans- 
verse. The basal cell undergoes a series 
of transverse divisions to form a long 
uniseriate suspensor. The terminal cell 
by repeated divisions forms the embryo 
proper. 

The endosperm is Nuclear, and cell for- 
mation does not take place. The seed is 
exalbuminous. 

The integument is about 16-layered in 
the young ovule. It shows groups of 
lignified cells at the micropylar end. 
There are also some thick-walled cells at 
the chalazal end of the embryo sac which 
are best developed at about the fertiliza- 
tion time. 

In the oldest seeds available disorga- 
nization of the integument cells had pro- 
ceeded up to the vascular zone, so that 
the seed coat comprised only about four 
layers. 

The pericarp is characterized by blunt 
ridges comprised of elongated cells. The 
epidermis shows prominent scrobiculate 
thickenings. Tannin is abundant in the 
pericarp. 

It gives me pleasure to acknowledge my 
deep gratitude to Professor P. Maheshwari 
and Dr B. M. Johri for guidance and 
encouragement throughout the course of 
this work. 
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THE ENDOSPERM AND EMBRYO OF LEMNA AND 
SYSTEMATIC POSITION OF THE LEMNACEAE 


SATISH C. MAHESHWARI 
Department of Botany, University of Delhi, Delhi, India 


The systematic position of the family 
Lemnaceae has always been a subject of 
discord. Lawalrée ( 1945, 1952) has re- 
cently suggested, on the basis of embryo- 
logical evidence, that its real affinities are 
not with members of the Order Spathi- 
florae, but with the Helobiales. In fact, 
he goes further and places it under the 
sub-order Potamogetonineae in the Helo- 
biales. 

An important criterion, on which this 
transfer was suggested, concerns the sup- 
posed Helobial nature of the endosperm 
in the Lemnaceae of which Lemna minor 
was studied in detail. 

In a paper published earlier (S. C. 
Maheshwari, 1954 ), I pointed out that the 
endosperm of Wolffia microscopica is Cel- 
lular and expressed doubt on Lawalrée’s 
( 1952 ) report of the occurrence of a Helo- 
bial endosperm in Lemna minor. 

The paucity of precise information on 
the family is no doubt due to the infre- 
quent flowering of the plants. . Recently 
abundant fertile material of Lemna pauci- 
costata was collected locally and subjected 
to a critical study, the results of which are 
summarized below. 

The development of the embryo sac 
follows the Allium type. The chalazal 
dyad functions and the mature embryo sac 


is 8-nucleate. Fig. 1 represents an ad- 
vanced condition after the polars have 
fused and two of the antipodals have 
degenerated. One of the synergids also 
disorganizes early, but the other persists 
for some time (Fig. 2). Fertilization 
takes place normally. The first division 
of the primary endosperm nucleus is 
followed by a transverse wall resulting in 
the formation of an upper micropylar and 
a lower chalazal chamber ( Fig. 2). The 
second division is also transverse so that 
a vertical row of four cells is formed ( Fig. 
3). The next two divisions occur verti- 
cally in each of those four cells, and the 
walls are laid at right angles to each other, 
thus giving rise to 16 cells arranged in four 
tiers ( Figs. 4,5). 

The fertilized embryo sac is much 
broader at the micropylar end. Subse- 
quent development accentuates this asym- 
metry and while the endosperm cells at 
the micropylar end continue to enlarge, 
those at the chalazal end do not show any 
such activity. Moreover, after about the 
16-celled stage, there are no further divi- 
sions in the lower half of the embryo sac so 
that this part looks like a narrow caecum 
and the bulk of the endosperm is derived 
from the micropylar portion only. Fig. 15 
shows the longitudinal section of a mature 
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Fics. 16-20 — (cs, cotyledonary sheath; end, endosperm; f,, first frond; f,, daughter frond; 


op, operculum; s, suspensor ). 


seed in which the caecum can be clearly 
recognized. 

Soon after the initiation of endosperm 
development, the zygote divides trans- 
versely ( Fig. 4). The apical cell under- 
goes another transverse division resulting 
in a three-celled stage (Fig. 6). The 
terminal cell of this row divides vertically 
leading to a four-celled proembryo ( Fig. 
7). Each tier, then, divides vertically so 
as to give rise to an eight-celled proembryo 
(Fig. 5). The terminal tier alone takes 


Stages in germination of seeds (semi-diagrammatic ). x 50. 


part in the formation of the octant. As 
can be seen from Fig. 8, two cells of the 
quadrant have divided transversely and 
the other two have divided periclinally. 
Figs. 9-14 are diagrammatic representa- 
tions of the earlier stages in embryogeny. 

Further development results in a pear- 
shaped embryo with a lateral mound of 
tissue previously designated as the ‘ stem 
tip ’ in my paper on Wolffia ( S. C. Mahesh- 
wari, 1954). In reality, this is the first 
frond or ‘erste Glied’ of Goebel (1921). 
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This has now been confirmed in Lemna 
paucicostata by a study of germinating 
seeds. As in Wolfia the first frond is 
later displaced to an almost vertical posi- 
tion, remaining enclosed on one side by 
the suspensor! and on the other by the rest 
of the embryo. The latter grows round 
the frond and assumes a collar-like appear- 
ance. Goebel ( 1921 ) refers to this struc- 
ture as the ‘ Kotyledonarscheide ’. Even 
at such an early stage the first frond (f, ) 
has already produced a daughter frond 
(f,), the outlines of which can be seen 
quite clearly in a longitudinal section 
cut in a plane parallel to the frond ( see 
Fig. 15 ). 

During germination, the seeds float in 
water and the operculum is pushed off by 
the suspensor although still remaining 
attached to it ( Figs. 16, 17). The coty- 
ledonary sheath, on the other side, under- 
goes considerable growth and expansion, 
and as a result thereof a pouch-like 
chamber is formed ( Figs. 18, 19). The 
suspensor forms the floor of this chamber 
while the newly grown cotyledonary 
sheath forms the roof. In between these 
two structures emerges the first frond 


1The part of the embryo labelled as suspensor 
in Fig. 15 may possibly be the hypocotyl in 
case some of the suspensor cells have already 
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together with the rudiments of its daughter 
frond attached at the base. The fronds 
bend horizontally and soon outgrow the 
suspensor ( Fig. 20). In the earlier stages, 
the growing frond obtains its nutrition 
partly from the chlorophyllous coty- 
ledonary sheath and partly from the 
endosperm. The major part of the embryo 
remains inside the seed and acts as a 
mediator through which food materials 
are transported from the endosperm to 
the frond. Goebel (1921) has, there- 
fore, called it the ‘Sauorgan’. Later, 
the frond becomes separated from the 
‘Sauorgan’ and establishes its indepen- 
dent existence. 

Rostowzew ( 1905 ) and Blodgett ( 1923 ) 
are the only previous workers on this 
phase of the life-history of Lemna. Blod- 
gett calls the first frond a plumule but, as 
is now obvious, this is not true. The frond 
shows a marginal meristem as is found in 
laminar growth, and there is no apical or 
terminal growth. 

Another point worthy of mention is that 
there is no radicle or root during the intra- 
seminal growth of the embryo as reported 
in Lemna minor by Rostowzew ( 1905 ) and 
Lawalrée ( 1952). 

The following table gives a compa- 
rison of the embryological features of 


disorganized. Further study is needed to decide the Helobiales, Araceae and Lemna- 
this point. ceae: 
HELOBIALES ARACEAE LEMNACEAE 

ANTHER TAPETUM Amoeboid; forms a peri- Amoeboid in several but Amoeboid;  periplasmo- 

plasmodium. not all genera. dium formed. 
POLLEN 3-nucleate, except in Both 2- and 3-nucleate 3-nucleate 

Ottelia and Zannichellia. conditions occur. 
OVULE Bitegmic; wall cells pre- Bitegmic; wall cells pre- Bitegmic; wall cells pre- 


EMBRYO SAC 


ENDOSPERM 


EMBRYO 


sent in Hydrocharita- 
ceae but absent in Alis- 
maceae. No micropylar 
cap. 


Allium type in some; 
Polygonum type in 
others. 


Helobial or Nuclear. 


Prominent basal cell 
which becomes hyper- 
trophied. Sequence of 


divisions usually regular. 


sent. Nucellus consum- 
ed by enlarging embryo 
sac but a cap of micro- 
pylar cells often persists. 
Usually Polygonum type 
but there is some vari- 
ability. In Homalonema 
probably Allium type. 
Cellular?, with chalazal 
haustorial process. 

No prominent basal cell, 
suspensor short and 
stocky. 


sent. Nucellus mostly 
consumed but micro- 
pylar cap persists. 


Allium type. 


Cellular, with chalazal 
haustorial process. 

No prominent basal cell; 
suspensor short and 
stocky. 


*Reports of Helobial type of endosperm in the Araceae require confirmation. 


ame 


1956 ] 


As will be seen from the above, the simi- 
larities between the Lemnaceae and the 
Helobiales appear to have been over- 
emphasized by Lawalrée. On embryo- 
logical evidence the Lemnaceae is more 
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closely related to the Araceae than to any 
family in the Helobiales. 

I wish to express my gratitude to Dr 
B. M. Johri under whose guidance the 
above investigation was carried out. 
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AENOTE ON LAr EPRPFECI OF ISOLATING THE KERN 
SHOOT APEX. BY=SHALLOW INCISIONS 
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WARDLAW 


Department of Cryptogamic Botany, University of Manchester, England 


Introduction 


If the shoot apical meristem in ferns 
such as Dryopteris is partially isolated 
by three or four deep vertical incisions, 
whereby the incipient vascular system is 
severed, the apex grows on and forms a 
short vascularized shoot and large soleno- 
stelic buds quickly develop on the flanks, 
i.e. the well known inhibitional effect of 
the apex on lateral bud rudiments is re- 
moved (Wardlaw, 1947). Also, if the 
I, position, i.e. that of the next leaf pri- 
mordium to appear, is isolated by a deep 
and wide tangential incision, a bud and 
nota leaf is formed ( Wardlaw, 1949 a); 
and similarly for P| and P,, provided they 
have not already been determined as 
leaves at the time of the operation 
(Cutter, 1954). In other experiments 


it was found that if /, or any of the 
existing young leaf primordia round the 
apex, e.g. P,-P,, was isolated laterally 
from the older adjacent primordia by two 
deep radial incisions, the primordium 
showed very rapid relative growth, i.e. 
as if it had been released from the regu- 
lative effects of the adjacent older pri- 
mordia ( Wardlaw, 1949 a). When, how- 
ever, these several experimental treat- 
ments were repeated but with shallow 
incisions which did not sever the in- 
cipient vascular tissue, the normal mor- 
phogenetic activities of the apex were 
usually not altered; eg. an J, or P, 
position isolated by a wide, tangential, 
shallow incision developed as a normal 
leaf primordium and not as a bud ( Ward- 
law & Cutter, 1954, 1956). The probable 
importance of the incipient vascular 
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tissue, or prevascular tissue, in trans- 
location, in the normal morphogenetic 
activities and in the regulated develop- 
ment of the shoot apex, is thus strongly 
indicated. 

In the present paper a brief account is 
given of results obtained when the shoot 
apex was “ ringed’’, or isolated, by shallow 
incision. 


Materials and Methods 


The materials consisted of large api- 
ces of Dryopteris aristata ( Vill.) Druce 
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Fics. 1-4 — Dryopteris aristata ( D. austriaca ), four stages in the grow 
from above, in which the apical meristem had been ringed or isolated by sh 
1-8, existing leaf primordia; 7, 


severing the incipient vascular tissue. 
mordium to be formed; ac, position of apical cel 
sition to the sub-apical region; 7 
line shading). Fig. 1. 
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[D. austriaca ( Jaeg.) Woynar]. The distal 
inch of the shoot was cut off, defoliated, 
and the apex laid bare of scales, as des- 
cribed in earlier studies. The /, position 
was marked and, using a very fine sharp 
knife, the shoot apex was ringed by 
making a continuous shallow incision 
round the meristem at or above the level 
of the J, position. Observation of micro- 
tome sections has shown that such shallow 
incisions do not sever the incipient vas- 
cular tissue, but penetrate the super- 
ficial layer of prism-shaped cells only. 
The terminology used to indicate leaf 
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| 3. 1. Five days after the experimental treatment. 
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primordia and primordium sites is that 
now in general use in studies of phyllo- 
taxis and organogenesis. The treated 
apices were observed, usually at weekly 
intervals under a binocular microscope, 
and camera lucida drawings made. Apices 
in which the meristem had been isolated 
by deep vertical incisions, usually above 
the J, level, were also kept under ob- 
servation and records made. These experi- 
ments were begun in mid-August 1954, and 
observations were continued into October. 


Observations 


Figs. 1-4 illustrate a specimen in which 
the apex had been isolated by a shallow 
incision ring, just above the level of J,. 
It was characteristic of such specimens 
that the incision quickly widened out 
into what appeared under the binocular 
microscope as a corky brownish, shallow 
groove (Fig. 2). At the beginning of 
the experiment P, was in very early 
plastochrone and J, and J, were the only 
new primordia formed after 25 days; 
I, appeared in approximately its normal 
phyllotactic position between and above 
P, and P,. Thereafter primordia /,-[, 
were formed in rapid succession in the 
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normal sequence (Figs. 3 and 4). At 
this stage the incision ring had become 
greatly enlarged and the corky tissue was 
becoming disrupted. The relationships 
between time and leaf formation for 
several individual apices are set out 
graphically in Fig. 5. It will be noted | 
that in the two ringed apices there was a 
pronounced lag in the formation of pri- 
mordia after the operation, this being 
followed by the rapid appearance of a 
sequence of new primordia. Thus five new 
primordia appeared in eleven days in one 
apex. A basipetal series of transverse 
sections of this apex yielded the informa- 
tion illustrated in Figs. 6-9. If allowance 
is made for a slight obliquity in the 
sections, it can be seen that the sequence 
of the new primordia within the ring, i.e. 
I,-I, was confirmed, J, and P, lying out- 
side the ring of necrotic tissue ( Figs. 
6, 7). Just above and about the level of 
I, the axis is solenostelic ( Fig. 8), but 
lower down the normal dictyostelic con- 
dition for this species is found. There 
was no evidence whatever of induced buds 
in the sections. 

In the apex illustrated in Figs. 10-13, 
the ringing incision was such that pri- 
mordia P,, P, and the /,-/, primordium 
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Fic. 5 — Time of appearance of leaf primordia in different experiments in materials collected 


in th me month and maintained under the same conditions. 
sions Curve B, a second apex, as above ( Figs. 10-13). 


incisions ( Figs. 1-4). 


which small incisions had been made above P, and J). 


( Figs. 19-23 ). 


Curve A, apex isolated by shallow 
Curve C, apices in 
Curve D, apex isolated by deep incisions 


Fics. 6-9 — Serial transverse sections, in basipetal sequence, of the apex illustrated in Fig. 4. 


( Figs. 6 and 7, which are slightly oblique, are complementary ). 
wound tissues are indicated by horizontal shading. 
of /,-I, (within the incision ) are indicated in Figs. 6 and 7. 


The corky and deeply staining 
The positions of J, ( outside the incision ) and 
Lower down (Fig. 8) the stele is 


solenostelic and still lower down ( Fig. 9) it is dictyostelic; at the level of Fig. 9 the normal leaf in- 
sertion can be observed and it will be noted that buds have not been formed. x 10. 


sites were destroyed. The broadening 
of the incision ring was followed by some 
widening and flattening of the meristem 
abutting on its inner side (Fig. 11). 
Only after about 20 days did the first 
primordium appear, near the normal J, 
position. This primordium, indicated in 
the illustrations as J’,, grew to very con- 
siderable size before the next primor- 
dium J’; was formed almost diametri- 
cally opposite it. The next two primor- 
dia J’, and J’, were likewise almost 
opposite to each other and at right angles 
to l';-l's The primordia J’;-J’, were 


formed in quick succession ( Fig.5), and 
it could then be confirmed that the 
phyllotactic spiral had been reversed, 
1.e. from clockwise to counter-clockwise, 
in the order of increasing age of pri- 
mordia. These records were borne out 
by the transverse serial sections ( Figs. 
14-16). From about the level of insertion 
of I’, and J’; downward to the insertion 
of P,, the vascular system of the shoot was 
seen to be more or less solenostelic; but 
lower down the normal dictyostelic struc- 
ture could be observed. There was again 
no evidence of induced buds outside the 


Fics. 10-13 — Four stages in the growth of an apex, as seen from above, in which the apical 


meristem had been isolated by shallow incisions. 


Indications as in Figs. 1-4; see description in 


text; and Fig. 5, curve B for time relationships. x 20. 


incision ring. A third specimen closely 
resembled that described above in that 
the /,-/, primordium sites had been des- 
troyed by the incision ring, the first 
primordium appearing after 30 days and 
occupying approximately the J, position 
(Fig. 17). This apex also showed the 
characteristic broadening of the incision 
and a widening and flattening of the 
meristem tissue adjacent to its inner 
side. Longitudinal sections (Fig. 18) 
showed the extensive wound reaction and 
also that the incipient vascular tissue 
had not been severed by the incision. 
Other specimens with shallow rings yield- 
ed essentially the same kind of infor- 
mation. 

Apices were also isolated by four deep 
incisions at and above the level of J, in 


materials collected and operated upon at 
the same time as those described above, 
and grown under the same conditions. 
These mostly grew very slowly as already 
reported (Wardlaw, 1949 b). Among 
these apices, however, there were several 
rather different manifestations of growth 
activity. Thus the apex illustrated in 
Figs. 19-23 showed comparatively rapid 
growth and radial expansion: two new 
primordia were formed in the course of 
25 days and seven in the course of 63 days. 
These observations are presented gra- 
phically in Fig. 5, curve D. In marked 
contrast, a second isolated apex had 
formed no new primordia in the course 
of 44 days (Figs. 24-26); a third had 
formed one primordium after 25 days 
( Fig. 27), and three after 36 days; and a 


Fics. 14-15 — Transverse sections, in basipetal sequence, of the apex illustrated in Fig. 13. 
The solenostelic vascular system and the absence of buds will again be noted. x 7'5. 


fourth had formed four primordia in 57 
days. 

In a different series of experiments 
carried out during this same period, in 
which small incisions were made above 
P, and /,, it was found that two and some- 
times three new primordia were formed 
during the first 18 days after treatment, 
and up to six primordia were observed in 
32 days. It thus appears that in the 
ringing experiments described here the 
lag period was of unusually long duration; 
but much more precise information on this 
behaviour as compared with that of un- 
treated controls is clearly desirable. Dur- 
ing 1953, Dr E. G. Cutter, to whom I am 
indebted for the following information, 
found that in apices, in which P, or P, 
had been isolated by four deep cuts, 
new primordia were formed at an approxi- 
mately steady rate of one in 8 days in 
August and one in 11 days in October, 


an initial lag being observed in both 
cases. 


Discussion 


The results recorded here show clearly 
that no important organogenic effects are 
produced when the apical meristem in 
Dryopterts is ringed or isolated by shallow 
incisions. In particular, no bud forma- 
tion is induced in the sub-apical region, 
i.e. on the outer side of the incision. 
Also, after an interval, during which 
wound healing is effected, the growth of 
the apical and sub-apical regions, and the 
formation of new leaf primordia take 
place very much as in the normal develop- 
ment. These results are in marked con- 
trast to those obtained after the apex has 
been isolated by deep incisions, when 
large buds are abundantly formed in the 
sub-apical region and the isolated meri- 
stem usually grows slowly and tends to 
be restricted in its radial expansion 
( Wardlaw, 1947, 1949 b). The important 
difference between the two experimental 
treatments is that in one the incipient 
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pos 


es 


Fics. 16-18 — Fig. 17 Treatments as in Figs. 1 and 10, the apex being isolated by shallow 


incision. 


The sites of 1,-1, have been destroyed by the original incision or by its widening 


out, the first primordium to appear within the incision ring being 1; (after 30 days). x 20. 


Fic. 18 — Diagrammatic (median ) of the apex illustrated in Fig. 17, passing through P.. 
incision scar (2) has become upraised as a result of extensive wound tissue formation. 


The 
The flat- 


tening out of the sub-apical region within the incision ring is well seen on the right. x 15. 


vascular tissue is not severed, and the 
path of translocation to and from the 
apical meristem remains intact and func- 
tional, whereas in the other this path is 
completely interrupted. The new evi- 
dence now presented, together with that 
already reported by Wardlaw & Cutter 
(1954, 1956), indicates that the inci- 
pient vascular tissue has a particular im- 
portance in the growth and morpho- 
genetic activity of the apical meristem. 
It may be held to be the main pathway 
whereby the growth of the meristem is 
maintained and the regulative effect 
of the apical cell group on the inception 
and development of primordia is effected. 

An interesting aspect of the records 
presented here is the time relation- 
ships in the formation of primordia. The 
curves in Fig. 5 show that in apices ringed 
by shallow incisions ( A ) there was a long 
delay before the first primordium ap- 


peared within the ring, this being followed 
by the formation of several primordia in 
rapid succession. In an apex such as 
that illustrated in Figs. 10-13 (curve B), 
in which the J,-J, sites were destroyed 
by the incision, it is understandable that 
some considerable time is likely to elapse 
before a primordium would appear at 
I, i.e. according to the normal time 
relationships of primordium inception. 
From this point of view, the appearance 
of the first primordium within the incision 
ring, labelled I’, after 20 days may be 
considered quite rapid. In the apex 
illustrated in Figs. 1-4, however, the first 
primordium to appear, /,, was the only 
primordium visible within the ring after 
30 days, but thereafter /,-/, appeared 
in quick succession during the following 
11 days. Unfortunately, the rate of 
formation of new primordia in untreated 
control apices during the same period is 
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Fics. 19-27 — Apices in which the apical meristem was isolated by four deep vertical incisions, 
as seen from above. The numbers given to the new primordia are not related to those present in 
the apex at the time of the operation. The original I, positions were towards the top of the dia- 
grams. Figs. 19-23. An isolated meristem in which growth and primordium formation 
took place relatively quickly. There was a slight acceleration in primordium inception with time, 
as illustrated in Fig. 5, curve D. Fig. 23. A mound-like formation (? bud, leaf, or wound reaction ) 
labelled 7, at the side of the small intact meristem. Figs. 24-26. A more characteristic, 
very slowly growing isolated apical meristem; after 44 days no new primordia had been formed. 
Fig. 27. The original apical meristem (square inset) and the extent of its growth and pri- 
mordium formation after 25 days. x 20. 


: — 1949a. 


WARDLAW — NOTE ON THE EFFECT OF ISOLATING FERN SHOOT APEX 63 


not known. The abnormal time relation- 
ships in the formation of new primordia 
may be attributed provisionally and in 
part (i) to the destruction of primordium 
sites, (ii) to the considerable amount of 
wound healing that takes place when the 
apical meristem is incised, and (iii) to the 
physiological state of the apex as de- 
termined by its antecedent phase of 
morphogentic activity, seasonal conditions 
and environmental factors. The present 
records, like some others already obtained 
(Wardlaw & Cutter, 1954, 1956), thus 
call attention to the importance, espe- 
cially in experimental investigations 
of morphogenesis, of having much fuller 
information on the seasonal growth acti- 
vity of the fern apex than we yet possess. 


Summary 


It has been shown that, when the 
apical meristem of Dryopteris is isolated 


from the adjacent lateral tissues by 
shallow incisions which do not sever the 
incipient vascular (or pre-vascular) tissue, 
no important changes in the morpho- 
genetic activity of the meristem take 
place. In particular, no buds are induced 
outside the incision ring. Apical growth 
continues and, after an initial lag, a 
sequence of new leaf primordia is pro- 
duced. These results are in marked 
contrast to those obtained when the 
apical meristem is isolated by deep in- 
cisions, which sever the pre-vascular 
tissue, as already reported in earlier papers 
by the writer. These and other ex- 
periments call attention to the probable 
importance of the pre-stelar tissue in the 
maintenance and morphogenetic activity 
of the apex. 

The writer wishes to acknowledge 
the assistance received from Mr E. 
Ashby in the preparation of microscope 
slides. 
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THE EMBRYOLOGY OF BRASSICA CAMPESTRIS L. 
VAR. TORIA DUTH. & FULL. 


Y.R. AHUJA & P. N. BHADURI 
Division of Botany, Indian Agricultural Research Institute, New Delhi, India 


Introduction 


During the course of a study of the fac- 
tors contributing to sterility in colchicine- 
induced autotetraploids of Brassica cam- 
pestris L. var. toria Duth. & Full., certain 


stages in the development of the pro- 
embryo were recorded. On comparing 
the relevant literature ( Johansen, 1950 ) 
on this subject, it was found that some 
confusion exists in the interpretation of 
the embryogeny of Brassica species, 
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According to Johansen, the embryo deve- 
lopment of Brassica oleracea L. is more or 
less similar to the Alyssum-variation of the 
Onagrad type. Preliminary observations 
indicated, however, that the embryo 
development in B. campestris var. toria 
shows greater similarities to the Capsella- 
variation than the Alyssum-variation. 
There is, moreover, a basic difference be- 
tween the Alyssum-variation as described 
by Johansen (1950) and the original 
description of embryo development of 
Alyssum macrocarpum (the only species on 
which the Alyssum-variation has been bas- 
ed) as given by Riddle (1898). In this 
paper a detailed description of the develop- 
ment of embryo of B. campestris var. toria 
has been presented and the position of the 
Alyssum-variation in the embryogeny of 
Cruciferae has been discussed. 


Material and Methods 


Material of diploids of Brassica campes- 
tris var. toria ( 2n = 20) was fixed from 
the experimental plots in formalin-acetic- 
alcohol and Craf ( Navashin’s ) in January 
1953. In earlier stages entire ovaries 
were taken; when the length of the ovary 
exceeded 1 cm, it was cut into pieces 
of suitable size; and in the later stages 
when the ovary wall becomes very hard, 
the ovules were dissected out and then 
fixed. The material was processed by 
the usual paraffin technique and micro- 
tomed at 8 to 12 microns depending 
upon the stage of development. Slides 
were stained with safranin-fast green 
and with the gentian violet-light green 
combination. 


Observations 


The anthers of Brassica campestris var. 
toria are tetralocular and the two adjacent 
locules become confluent at maturity. 
The dehiscence is by two longitudinal slits. 
Pollen grains are shed at 3-celled stage. 
They show three germ pores. 


Fics. 1-9 (for abbreviations see text) — Fig. 1. Eight-nucleate embryo sac. 


approximately 48 hours after fertilization. 


proembryo. 


The ovules are anatropous, bitegmic and 
crassinucellate. Development of the em- 
bryo sac is of the typical 8-nucleate Poly- 
gonum type. The synergids often show 
well-developed hooks and filiform appa- 
ratus (Fig. 1). The antipodals usually 
show signs of degeneration on the day of 
anthesis. 

B. campestris var. toria is a cross-polli- 
nated and self-sterile crop. Pollination 
takes place through the agency of insects, 
chiefly honey bees. The interval between 
pollination and fertilization varies under 
different environmental conditions, mainly 
temperature and day length ( Ahuja, 
1955). It was 48-72 hours at Delhi 
during winter under the present set of 
conditions. 

The primary endosperm nucleus divides 
soon after triple fusion. Its division pre- 
cedes that of the zygote. To start with 
the endosperm is Nuclear, but later on it 
becomes Cellular. Finally it is consumed 
by the enlarging embryo and the mature 
seed is exalbuminous. At the free nuclear 
stage, the infoldings of the endosperm 
sometimes get cut into separate bits which 
give a nodule-like appearance. But they 
do not resemble the endosperm nodules 
described by Maheshwari & Sachar 
( 1954 ) in Capsella bursa-pastoris Moench. 
In a recent publication Maheshwari & 
Sachar (1955) have reported that in 
Isomeris arborea Nutt. the endosperm 
nodules of Billings ( 1937 ) correspond to 
cut portions of the long and coiled sus- 
pensor embedded in free nuclear endo- 
sperm. 

After fertilization the zygote elongates 
into a tubular structure with its nucleus 
at the distal end (Fig. 2). The first 
division of the zygote is transverse giving 
rise to a short apical cell ca and a long 
basal cell cb (Fig. 3). Next the cell cb 
divides transversely to form a short middle 
cell m and a long basal cell ci ( Figs. 4, 5 ). 
Further the cell m divides transversely 
whereas ca undergoes a vertical division 
resulting in a 5-celled proembryo ( Fig. 6 ). 
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Fig. 2. Zygote 


rs after Fig. 3. Two-celled proembryo with free nuclear 
endosperm. Fig. 4. Division in the basal cell of the 2-celled proembryo. 


Fig. 5. Three-celled 


Fig. 6. Five-celled proembryo, the first division of the basal cell being vertical. 


Figs. 7-9. Show the behaviour of the hypophysis. Fig. 1 x 427. Figs. 2-9 x 192. 
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The first division in ca is followed by a 
second vertical division at right angles to 
the first producing a quadrant. Trans- 
verse walls are laid down in all the four 
cells, thus forming the octant stage. As 
reported in C. bursa-pastoris ( Souéges, 
1919), of these eight cells the upper 
tier of four gives rise to the stem tip 
and the two cotyledons, and the lower 
tier of four cells to the hypocotyl and 
the initials of the central cylinder of 
the stem. 

Subsequent transverse divisions in the 
suspensor cells lead to a row of 12 to 14 
cells. The basal cell of the suspensor is 
very long and resembles that of Alyssum 
macrocarpum ( Riddle, 1898 ) and Brassica 
oleracea ( Pearson, 1933). It does not 
become swollen or vesicular as in C. bursa- 
pastoris ( Souéges, 1919). The first divi- 
sion of the hypophysis, which is a deriva- 
tive of the middle cell m, is transverse 
followed by two vertical divisions at 
right angles to each other ( Figs. 7-9). 
Of the resulting eight cells, the upper four 
form the initials of the central cylinder of 
the root and the lower four give rise to the 
root cap (similar to C. bursa-pastoris ). 
In its further development the embryo 
passes through the usual heart and torpedo 
stages, and finally assumes the typical 
horse-shoe shape. 


Discussion 


According to Johansen (1950), the 
development of embryo in Cruciferae is of 
the Onagrad type and can be conveniently 
classified into (a) the Capsella-variation 
and (b) the Alyssum-variation. The diffe- 
rence between them, as given by Johansen, 
is presented in Table 1. 

Based on this classification the Capsella- 
variation includes Capsella bursa-pastoris, 
Lepidium sativum, L. campestre, L. draba, 
Cochlearia officinalis, Ionopsidium savia- 
num; and only Alyssum macrocarpum is 
included under the Alyssum-variation 
( Johansen, 1950; pp. 143-146). The 
position in regard to the embryogeny of 
Brassica oleracea in this system of classi- 
fication is, however, confused. Johansen 
( 1950 ), on the basis of the observations of 
Pearson ( 1933 ) and Thompson ( 1933 ) on 
B. oleracea, place it under the Alyssum- 
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variation. From the account given above 
of the proembryo of Brassica campestris 
var. toria, it will be observed, however, 
that the development conforms to the 
Capsella-variation. 

According to Riddle ( 1898 ), the basal 
cell of the two-celled proembryo of Alys- 
sum macrocarpum does not divide at 
all and, therefore, does not take part in 
the formation of any essential organ of the 
embryo. But, according to Johansen 
( 1950 ), the embryo development in Cruci- 
ferae is of the Onagrad type. In this type 
the middle cell m of the three-celled pro- 
embryo is a product of the basal cell cb and 
not of the apical cell ca. Also the hypo- 
physis, which is a derivative of the cell m 
and hence of cb, definitely contributes to 
the formation of some of the essential parts 
of the embryo. Further, according to 
Riddle (1898), the first division of the hypo- 
physis in Alyssum macrocarpum is vertical 
and Johansen (1950) believes that in this 
respect the behaviour of the hypophysis 
in Alyssum is similar to the Ranunculus- 
variation and quite distinct from the 
Capsella-variation. It may be pointed out 
here that the embryogeny in Ranunculus 
is rather complicated and its comparison 
with Alyssum leads to more confusion 


TABLE 1—DIFFERENCE BETWEEN THE 
CAPSELLA-VARIATION AND THE 
ALYSSUM-VARIATION OF EMBRYO 
DEVELOPMENT ( JOHANSEN, 1950 ) 


CAPSELLA-VARIATION — ALYSSUM-VARIATION 


The basal cell of the 
3-celled* proembryo 
does not divide. All 
the cells of the long 
suspensor are derived 
fromthe middle cell m. 


1. The basal cell of the 
2-celled proembryo 
divides and adds to 
the suspensor. 


The first division of the 
hypophysis is vertical, 
the next division is 
also vertical and at 
right angles to the 
first, followed by trans- 
verse walls in all the 
four daughter cells. 


2. The first division of 
the hypophysis is 
transverse and is 
followed by two ver- 
tical divisions at 
right angles to each 
other. 


*According to Riddle’s (1898 ) original des- 
cription of Alyssum macrocarpum the basal cell 
of the 2-celled proembryo does not divide further. 
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instead of clarifying the situation. The 
above discussion indicates that the em- 
bryogeny of A. macrocarpum, as described 
by Riddle ( 1898 ), is incomplete and per- 
haps misinterpreted. The creation of the 
Alyssum-variation by Johansen (1950), 
in the embryogeny of Cruciferae, based on 
such incomplete observations, does not, 
therefore, appear to be appropriate. A 
reinvestigation of the embryogeny of 
A. macrocarpum and other allied species is 
obviously necessary. 


AHUJA & BHADURI — EMBRYOLOGY OF BRASSICA CAMPESTRIS L. 67 


Summary 


The embryogeny of B. campestris var. 
toria follows the Capsella-variation, and 
probably this may also be true for other 
species of Brassica. In the light of the 
present observations the creation of the 
Alyssum-variation by Johansen (1950) 
does not appear to be tenable. 

Weare grateful to DrS. M. Sikka for pro- 
viding the facilities and to Mr S. S. Rajan 
for the help given by him from time to time. 
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SEUDIES- ON THE SYSTEMATIC POSITION 
ANDECONSTITUTION OF PTERIDOPHY TA — VI... THE 
GAMETOPHYTE OF BOTRYCHIUM VIRGINIANUM SW. 
AND ITS ENDOGENOUS FUNGUS* 


M. NISHIDA 
Biological Institute, College of Arts and Sciences, Chiba University, Japan 


After reporting the first collection of the 
gametophytes of Botrychium japonicum 
Und. from Japan, I had the good 
fortune to collect the gametophytes of 
B. virginianum Sw. at two localities: seven 


*This work is a part of the 


specimens in a bamboo thicket at Toke- 
machi, Chiba Pref., and five in a stand of 
Quercuss errata. Thunb. and Castanea 
crenata Sieb. and Zucc. at Kiso-Fuku- 
shima, Nagano Pref., in June and July 1954. 


studies on the “ Embryology of Eusporangiate Ferns’ with 


reference to Mycorrhiza, supported by a grant-in-aid for Fundamental Scientific Research from 
the Ministry of Education, and has been carried out in the University of Tokyo where the writer 
has been a visiting scholar under orders of the Ministry of Education. 
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In both the localities the ground was a 
sandy humus. 

An anatomical study of the gametophyte 
of B. virginianum was first made by Jeffrey 
(1898). Since then a few have appeared, 
all from North America where Botry- 
chium is fairly accessible. In Asia, speci- 
mens are rather rare, and the discovery 
of the gametophyte of B. lanuginosum 
Wall. ( Rao, 1939) was for long the only 
record. 

An attempt was made by West ( 1917) 
to isolate the endogenous fungi from the 
root of Angiopteris evecta Hoff., Danaea 
alata Sm., and other members of the 
Marattiaceae and also to grow them on 
culture media, but without success. Bur- 
geff (1938) was also unsuccessful in iso- 
lating and culturing fungi from the game- 
tophyte of Ophioderma pendulum Presl. I 
have tried for three years, but have not 
yet succeeded in culturing the fungi from 
the gametophytes of B. japonicum and 
B. virginianum, and accordingly in this 
paper I shall describe only the morpho- 
logical characters of the fungus and its 
behaviour within the gametophyte. 


Methods 


The material was fixed in formalin- 
acetic-alcohol, Manton’s (1950) mixture, 
and strong chrom-acetic acid diluted to 
one-half. Serial sections were cut at a 
thickness of 10-15 u, but thicker sections 
were found more convenient for a study 
of the hyphae. Heidenhain’s haematoxy- 
lin was used, alone or with a counter stain 
of safranin. For the endogenous hyphae 
Stoughton’s stain for bacteria and fungi 
(orange G + phenol thionin ) and Pianese 
III-b stain (acid fuchsin + malachite 
green + martius yellow ) were employed. 


Observations 


EXTERNAL MORPHOLOGY 
tophytes collected bear young sporo- 
phytes (Fig. 1). They are light brown, 
flat tubers, 5-8 mm long, 3-5 mm wide, 
and 2-4 mm thick, and covered with 
rhizoids. Their margins are folded and 
the antheridial mdges run longitudinally 
on their dorsal surfaces. The flat thallus 


All the game- 


and its folded margins are diagnostic 
characters for B. virginianum. Jeffrey 
(1898) reported septate rhizoids in his 
material, but I could not find the septa in 
my specimens. The surface of the gameto- 
phyte is irregularly indented. 

The gametophyte is dorsiventral. It 
is light brown outside but the inside is 
white. On the dorsal surface there is a 
median longitudinal ridge, bearing many 
antheridia. The archegonia also occur on 
the upper surface but usually not on the 
ridge. The wall of the antheridium is 
two-layered and it is half or sometimes 
totally embedded in the tissues of the 
ridge. It appears to produce more than — 
500 spermatozoids (Fig. 3). The arche- 
gonium consists of four rows of neck cells, 
usually in six or seven tiers; a neck canal 
cell with two nuclei; a ventral canal cell; 
and an egg cell. The neck is straight and 
projects out from the surface of the game- 
tophyte (Fig. 4). The ventral half of 
the gametophyte is invaded by the endo- 
genous fungus ( Fig. 2). 

ENDOGENOUS FunGus — The fungal hy- 
phae enter mostly through the rhizoids 
which cover the surface of the gameto- 
phyte (Fig. 5), but sometimes invade 
directly perforating the walls of the sur- 
face cells. They are absent from the re- 
productive area and from the growing 
point in the anterior region. A hypha 
is at first 1-2 u in diameter but grows 
afterwards to 3-4. Usually it is aseptate; 
but where an older part of hypha is just 
losing its cytoplasm, it comes into contact 
with a younger part in which the cyto- 
plasm is still retained, and a plasma mem- 
brane may be formed. 

After penetration the hyphae elongate, 
coil and branch profusely to form a 
“ Pilzknäuel (Fig. 6) as in Lycopodium 
(see Burgeff, 1938). The cells of the 
second or third layer of the gametophyte 
into which the hyphal tangles have pene- 
trated are called “ host cells’. From here 
the hyphae spread out further into the 
inner tissues. As they reach the fifth or 
sixth layer, they become luxuriant and 
form the “ arbuscles ” of Gallaud ( quoted 
in Burgeff, 1938), or “ Sternbuskeln ”’ 
( Burgeff, 1938), with fine branches ( Fig. 
7). The arbuscles resemble those of 
Psilotum, Ophioderma, and other species 
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. Fies. 1-4 — (an, antheridium; f, fungus zone; rd, ridge). Fig. 1. Gametophytes of Botry- 
chium virginianum with young sporophytes. a, x 1.5; b, x 3. Fig. 2. Cross-section of the gameto- 
phyte. x 20. Fig. 3. Ridge. x 70. Fig. 4. Archegonium. x 300. 
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of Botrychium, and appear to be homo- 
logous to the haustoria of the Perono- 
sporales. Gallaud also referred to them as 
absorbing organs. 

The hyphae of the arbuscle, which are 
finely ramified and form a floccose mass, 
soon lose their individuality and make a 
structureless granular and gummy con- 
glomeration, the ‘‘ sporangiole ”’ of Janse 
(1897) and Gallaud. Successive stages 
of transformation from the arbuscle to 
the sporangiole may be seen all through 
the ventral tissues (Fig. 7). ‚This pro- 
cess of transformation is called the di- 
gestion of the fungus, and the cells in 
which this occurs are called digestive cells. 
They are situated mostly in the deeper 
layers while the host cells are generally 
in the outer layers. Burgeff states that 
the digestion of the fungi is repeated 
several times in the gametophyte of 
Ophioderma pendulum, so that each cell 
contains several sporangioles. In my 
material, however, the fungal digestion 
seems to occur only once, since no more 
than a single sporangiole could be found 
in any cell. 

The “ vesicle’’, a spherical or ovoid 
swelling, first described by Janse ( 1897 ) 
measuring 12x15 u to 18x20 u, usually 
16x18 u, is terminal (Figs. 8, 11), but 
occasionally, intercalary in the hyphae 
occurring in the cells of layers deeper 
than the fifth ( Figs. 9, 10). All reports 
hitherto have stated that the vesicles 
are always found at the tips of hyphae. 
Each cell has generally one, rarely two 
vesicles, as observed by Baas-Becking 
(1921) in Botrychium. 

A young vesicle has thin walls and is 
filled with cell sap. As it grows, its walls 
become thicker and more irregular, and 
ultimately break down releasing the 
contents. The role of vesicle is not clear, 
but there is no basis for the view that they 
are conidia-like reproductive organs, since, 
as mentioned above, they lose their con- 
tents as they grow old. Both Gallaud and 


West (1917) regarded them as storage 
organs. 

West observed resting spores in the 
mycorrhiza of Angiopteris evecta. In Botry- 
chium I could not find any spores or spore- 
like structures. In the endogenous hy- 
phae of the mycorrhizae of pteridophytes 
there has never been found an organ for 
fertilization. I have, however, found a 
small sac, similar to the vesicle but 
with a thin wall, entangled with a hypha 
( Fig. 12), from which it may perhaps be 
concluded that the sac is a probable oogo- 
nium and the hypha which entangles the 
sac an antheridium. The structures may 
thus be the organs for oogamy. 


Discussion 


Jeffrey suggested that the fungus in 
B. virginianum might. be intermediate 
between Pythium and Completoria, as it 
has organs which suggest oogonia. How- 
ever, these organs correspond to vesicles 
rather than to true oogonia. Campbell 
thought that the fungus in B. obliquum 
Muhl. and B. simplex Hitch. did not differ 
from that in B. virginianum. Further, 
he reported thick-walled spores which 
I could not find in B. japonicum or 
B. virginianum. The “ Pilzklumpen ” in 
Ophioglossum vulgatum L. ( Bruchmann, 
1904) are like Janse’s vesicles in Ophio- 
derma pendulum, and Bruchmann believed 
that the fungi belonged to the same 
species. But Bruchmann’s “ Pilzklum- 
pen ” are different from Burgeff’s vesicles 
in O. pendulum; the former have an ir- 
regular form, while the latter are always 
spherical. The vesicles which I found in 
B. japonicum and B. virginianum resemble 
those of Burgeff. Lang (1902) described 
and figured in Helminthostachys zeylanica 
small shrivelled bodies, other than vesicles, 
attached to the hyphae. These bodies 
are much like the sporangioles of Burgeff 
in O. pendulum. However, the fungi 
found in B. japonicum and B. virginianum 
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. Fics. 5-10 — (arb, arbuscle; rh, rhizoid; spy, sporangiole ). 
x 700. Fig. 7. Arbuscle and sporangiole. x 700. 


Intercalary vesicle. x 800. 


Fig. 6. Coil of hypha in host cell. 
Terminal vesicle. x 800. Figs. 9 and 10. 


Fig. 5. Penetrating hypha. x 600. 
Fig. 8. 


Fıc. 11. 


Terminal vesicle. X 800. 


seem to be of a different shape from those 
inOphioglossum and Ophioderma. Further, 
(1) there is only one sporangiole per cell 
in B. japonicum and B. virginianum, 
while in O. pendulum ( Burgeff ) there are 
several or many sporangioles; (2) the 
vesicles, as seen by me, are spherical or 


ovoid, while those of B. obliquum, B. 
simplex (Campbell, 1921, 1922) and B. 
lunaria ( Bruchmann) are irregular in 


shape; (4) the “ tangles ” 
in B. japonicum and B. 
rather like the 


, seen by me 
virginianum, are 


“ Pilzknäuel ” of Lycopo- 


dium, but they have never been report- 
ed in any other member of the Ophio- 
glossaceae. As all the fungi so far dis- 


covered in the Ophioglossaceae produce 
arbuscles, sporangioles and vesicles, they 
undoubtedly belong to the vesicular- 
arbuscular mycorrhiza type (Kelley, 1950) 
and also to the Thamiscophage mycorrhiza 
type ( Burgeff, 1938). Their systematic 
positions have been determined from ob- 
servations on fixed material only; since 
no one has yet been able to study their 
life-histories in culture. However, the 
endogenous hyphae in the gametophyte 
of B. virginianum form organs which may 
reasonably be interpreted as oogonia. 
Hence I agree with older authors in in- 
cluding these fungi in Peronosporales. 


Fig. 12. < 800. 


Presumable oogamy. 


Summary 


The gametophyte of Botrychium vir- 
ginianum Sw., found for the first time in 
Japan, is briefly described and a des- 
cription given of the endogenous fungus. 

The structures described in older works, 
as Knäuel, arbuscle, sporangiole and 
vesicle, although differing in some res- 
pects, can also be observed in this fungus. 
There is a presumption of oogamy on the 
basis of the observation of a structure 
which looks like an oogonium, entangled 
by a hypha which is interpreted as an 
antheridium. The fungi found in 
B. virginianum as well as that in B. japoni- 
cum are thought to be different speci- 
fically from those hitherto reported in 
other ferns, whether belonging to the genus 
Botrychium or other genera of the Ophio- 
glossaceae. 

I wish to thank Professor Fumio Mae- 
kawa of the University of Tokyo for his kind 
guidance and valuable suggestions during 
the course of this study, and Mr Shigeya 
Niizeki of the Ochanomizu University, 
Tokyo, for his assistance in many ways. 
I am also grateful to the late Mrs Shigeye 
Tajima of Kiso-Fukushima-machi, Nagano 
Pref., who helped in collecting the material 
but died before the completion of thisstudy. 


NISHIDA — THE GAMETOPHYTE AND ENDOGENOUS FUNGUS OF BOTR YCHIUM 73 


Literature Cited 


Baas-Becking, L. G. M. 1921. The origin of 
the vascular structure in the genus Botry- 
chium with notes on the general anatomy. 
Rec. Trav. bot. néerl. 18: 333-372. 

BRUCHMANN, H. 1904. Über das Prothallium 
und der Keimpflanze von Ophioglossum 
vulgatum L. Bot. Ztg 62 : 227-248. 

— 1906. Über das Prothallium und die Spo- 
renpflanzen von Botrychium lunaria Sw. 
Flora 96: 203-230. 


BURGEFF, H. 1938. Mycorrhiza. (In Ver- 


doorn’s ‘Manual of Pteridology.’’ The 
Hague ). 
CAMPBELL, D. H. 1911. “ Eusporangiatae.”’ 


Carnegie Inst., New York. 

— 1921. The gametophyte and embryo of 
Botrychium obliquum Muhl. Ann. Bot. 35: 
141-158. 

— 1922. The gametophyte and embryo of 
Botrychium simplex Hitch. Ann. Bot. 36: 
441-455. 


Janse, J. M. 1897. Les endophytes radicaux de 


quelques plantes Javanaises. Ann. 2 
Buitenz, 14 53.201. PRE 
Jerrrey, E. C. 1898. The gametophyte of 
Botrychium virginianum. Trans. Canad. Inst. 
5 : 265-294. 
KELLEY, A. P. 1950. 
Waltham, Mass. 
Lane, W. H. 1902. 


““Mycotrophy in Plants.” 


On the prothalli of Ophio- 
glossum pendulum and Helminthostachys 
zeylanica. Ann. Bot. 16: 23-55. 

Manton, I. 1950. “ Problems of Cytology and 
Evolution in the Pteridophyta.’”’ London. 

Rao, N. L. 1939. A note on the gametophyte 
of Botrychium virginianum var. lanuginosum 
Sw. Curr. Sci. 3: 119-121. 

NısHıpDA, M. 1954. Gametophyte of Botry- 
chium japonicum Und. (a preliminary 
report). Jap. J. Bot. 29: 239-243 (in 
Japanese with English résumé ). 

West, C. 1917. On Stigeosporium Marattia- 
ceanum and mycorrhizae of the Marattiaceae. 
Ann. Bot. 31: 77-99. 


THE CLASSIFICATION OF BAMBOOS 


R#ESHOETLUM 
80 Mortlake Road, Kew Gardens, Richmond, Surrey, England 


The classification at present in general 
use for bamboos was, in essentials, pro- 
posed by William Munro (1868) in his 
monograph. Bentham (1883) modified 
Munro’s scheme a little and wrote the ac- 
count of Gramineae for “Genera Planta- 
rum” after Munro’s death (he had hoped 
Munro would have undertaken this work ). 
Gamble ( 1896) adopted Bentham’s main 
divisions without comment. Camus made 
no important changes in his world mono- 
graph published in 1913, and the account 
of bamboos in Hutchinson’s Monocoty- 
ledons (1934) is also unchanged. No 
general discussion of the scheme was pub- 
lished until Camus in 1935 proposed a new 
scheme in which all genera having fila- 
ments united to form a tube were placed 
in a separate sub-tribe. This arrange- 
ment seemed to me unnatural, and I 


published a note on it in 1946, also point- 
ing out that the important distinctions 
between Bentham’s sub-tribes, concern- 
ing fruit structure, did not correspond 
with the facts. I suggested an alter- 
native scheme covering the genera of the 
Malayan region, but had not then looked 
at the type species of the genus Oxy- 
tenanthera (from Africa), nor did I suffi- 
ciently consider the evidence of ovary 
structure. 

Bentham’s scheme, as translated by 
Gamble, is as follows ( a few less important 
genera are omitted, and the larger genera 
of tropical America, omitted by Gamble, 
are included ). 


SUB-TRIBE 1 

Avundinarieae. Stamens usually 3, palea 2-keeled. 
Pericar p thin, adnate to the seed. 

Genera: Arundinaria, Phyllostachys, Chusquea. 


/ 


SUB-TRIBE 2 

Eubambuseae. Stamens 6. Palea usually 2-keeled. 
Pericarp thin, adnate to the seed. 

Genera: Nastus, Guadua, Bambusa, 
stachys, Gigantochloa, Oxytenanthera. 


Thyrso- 


SUB-TRIBE 3 
Dendrocalameae. Stamens 6. Palea 2-keeled. 
Pericarp fleshy or crustaceous, separable from 


the seed. 
Genera: Dendrocalamus, Melocalamus, Pseudo- 
stachyum, Teinostachyum, Cephalostachyum 


SUB-TRIBE 4 

Melocanneae. Stamens 6 or more. Spikelets 
1-flowered. Palea none or similar to the flower- 
ing glume. Pericarp crustaceous or fleshy, 
separable from the seed. 

Genera: Dinochloa, Schizostachyum, Melocanna, 
Ochlandra. 


The following brief statement will in- 
dicate why I consider this arrangement 
fundamentally unsatisfactory and in need 
of a complete revision. Though fruit 
structure is seen to be of basic importance, 
Munro and Bentham had in fact examined 
very few fruits, and their limited observa- 
tions were insufficient for the important 
place given to them in the scheme. I 
have examined fresh fruits of Bambusa and 
Gigantochloa, and find them not essen- 
tially different in structure from those of 
Dendrocalamus, though the latter is placed 
in a different sub-tribe. Dendrocalamus 
and Gigantochloa are also so similar in 
spikelet structure that it is difficult to de- 
fine the difference between them clearly. 
The three genera Pseudostachyum, Tet- 
nostachyum and Cephalostachyum, asso- 
ciated with Dendrocalamus in sub-tribe 3, 
are so similar to Schizostachyum in sub- 
tribe 4 that I cannot see a clear method of 
separating the genera; certainly there is 
none in ovary and fruit structure. The 
statement that the presence or absence of 
keels on the palea serves as a separation is 


not true, as Gamble discovered, nor is the : 


one-flowered condition always to be found 
in Schizostachyum. Finally, I see no 
reason for placing Dinochloa near Scht- 
zostachyum, and consider it more likely to 
belong with Bambusa. 

It will be noted that the following kinds 
of characters have no place in Bentham’s 
scheme: ovary structure, spikelet struc- 
ture ( except for the statement that genera 
in sub-tribe 4 have only one flower in 
each spikelet ) and inflorescence structure. 
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Nobody has ever given a comparative 
account of ovary structure in bamboos 
( Munro’s only mention of it contains a 
strange morphological misconception ) and 
yet it is surely at least as important as 
fruit structure; I believe in fact that ovary 
structure should be the basis of classifica- 
tion of these plants. The reason for 
neglect of the study of ovary structure is 
doubtless that fresh material is not easy 
to obtain. Spikelet structure has cer- 
tainly been much discussed by all authors, 
and has been used to separate genera, 
but it appears to me that some important 
facts have not received due consideration. 
Inflorescence structure (i.e. the inter- 
relations of spikelets ) has been dealt with 
in the vaguest terms, and the only person 
who has made an effort to understand it is 
McClure (1934). This again is a difficult 
subject, but I believe that an attempt 
should be made to show how the in- 
florescence of a Schizostachyum or a 
Bambusa is related to the panicle of such a 
grass as Phragmites. In the following 
sections, therefore, the three subjects just 
mentioned are discussed in some detail; 
then follows an attempt to set forth what 
appear to me to have been the evolu- 
tionary trends in bamboos, and as a result 
of this discussion I will attempt to state 
what appears to me a possible solution of 
the problem of the natural classification 
of bamboos. 


Structure of Ovary and Fruit 


_ Even if one has a good supply of mate- 

rial, ovary structure in bamboos is a 
difficult subject to investigate. The ovaries 
are small, and the details of their struc- 
ture are not easy to see only with the 
aid of a binocular dissecting microscope. 
A careful investigation of microtome sec- 
tions of ovaries of the various genera is 
most desirable. The following account is 
based on my own limited observations, 
and I am very conscious of its tentative 
nature. 

In all the genera of Bentham’s sub- 
tribes 2, 3 and 4, the ovary consists of a 
thin-walled hollow basal part, contain- 
ing the ovule, with a more or less massive 
top which bears the style, or bears the 
stigmas directly. The structure of the 
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part which contains the ovule is much 
the same in all genera, so far as I can 
see; but in some cases it is difficult to 
distinguish the ovule in dried specimens. 
The differences between genera are to be 
found principally in the character of the 
top of the ovary. 

Dr A. Arber has shown the position of 
the ovule clearly in the transverse sections 
of the ovaries of several genera ( 1934, 
pie 35B, p. 111; Fig. 39A3, p. 115; Fig. 
45A1l, 45B1, p. 112). The wall of the 
ovary cavity always contains three vas- 
cular strands which are considered to 
represent the midribs of the three carpels 
which form the ovary. The ovule is 
attached to the side of the ovary midway 
between two of these carpel-midrib 
strands; that is, it is at a place where 
carpel edges are presumed to meet. The 
needs of the growing ovule are supplied 
by a band of vascular tissue; there are 
often no vascular strands to mark the 
two other marginal fusions of the carpels, 
but Dr Arber shows the presence of 
these strands in Gigantochloa scortechinii, 
a Malayan species (Fig. 1). There is 
thus clear indication of the origin of 
the bamboo ovary from a tricarpellary 
condition; presumably one with parietal 
placentation, from which the bamboo 
is derived by loss of all the ovules except 
one. 

When an ovary begins to enlarge after 
pollination, it is the basal part, containing 
the ovule, which enlarges first, and the 
first growth is mainly in length, so that 
one may find in a dried specimen a slender 
shrivelled object almost the full length 
of a ripe fruit, the apex and style base 
little changed from the floral condition. 
During this development, the point of 
attachment of the ovule (the hilum ) 
elongates to a linear shape, and the vas- 
cular tissue elongates accordingly ( Fig. 
3). Further development of the ovule 
fills the cavity, the walls of which in the 
majority of species remain thin. The top 
of the ovary increases in size a little to 
accommodate itself to the development of 
the lower part, and ultimately forms a 
fairly thick wall forming the top of the 
fruit and bearing the remains of the 
style or stigmas at its apex. The embryo 
is small and round at the base of the 
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seed on the side opposite to the hilum 
(Fig. 4). 

In the Malayan genera Bambusa, Gigan- 
tochloa, Dendrocalamus and Schizostachyum, 
when the fruit is ripe, the top of the seed 
is quite separate from the thickened wall 
of the top of the fruit. The lateral walls 
of the fruit are in most cases quite thin 
and are in contact with the sides of 
the seed. At the very base, where the 
embryo occurs, the wall is thinnest. 
If this lowest part of the pericarp is 
not rigid, it shrinks on drying and then 
the position of the embryo is evident 
when one inspects the outside of the 
fruit ( Munro actually used this character, 
and Bentham substituted the idea of 
separability of seed and pericarp). If 
the outer tissues of this lower part of the 
pericarp are rigid, they will not shrink 
in the same way in drying, and the posi- 
tion of the embryo will not be evident 
externally. It so happens that in Den- 
drocalamus strictus, the only species of its 
genus of which a fruit was seen by Munro, 
the outer part of the pericarp of a ripe 
fruit is rigid throughout, so that the posi- 
tion of the embryo cannot be seen; for 
this reason alone Munro associated Den- 
drocalamus with the genera having a thick 
pericarp. But in other species of Dendro- 
calamus, as shown in several of Gamble’s 
drawings, the position of the embryo is 
quite clear; in such species the fruit 
structure does not differ in essentials from 
that of species of Gigantochloa and Bam- 
busa. In all these genera, though the 
lower part of the pericarp may be thin 
and in close contact with the seed, one 
can usually separate pericarp from seed 
in a newly ripened but not dried fruit. 

Fruits with pericarp thick and fleshy 
to the base are found in the genera Melo- 
calamus, Melocanna, Ochlandra and Dino- 
chloa ( Munro believed that Schizostachyum 
should also be included in this list; he 
did so on the evidence of the species 
S. acutiflorum Munro, of which alone he 
saw fruits, but in my opinion this species 
is not a Schizostachyum, and perhaps be- 
longs to Dinochloa. Merrill indeed includ- 
ed itin Dinochloa, as D. diffusa, in 1905). 
But though these fruits all have this struc- 
ture in common, they are developed from 
ovaries of different kinds, for which reason 
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I donot think that a completely thick fleshy 
pericarp by itself is enough to justify 
placing these genera in a sub-tribe of their 
own. These differences in ovary structure 
concern the top of the ovary, and this 
subject will next be considered. 

The top of the ovary in Bambusa is 
hairy externally ( Figs. 2,5), and internally 
it is solid (i.e. it consists of a continuous 
cellular tissue without any cavity in it; 
the only cavity is that in which the ovule 
hangs ). In a few species the three long 
hairy stigmas grow directly out of the top 
of the ovary, but more usually the ovary- 
top is attenuated upwards for a short dis- 
tance, to form a style, and the stigmas 
diverge from the style; in a few species 
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Fics. 1-14 — Fig. 1. 
strands (after Arber, 1934). 
Fig. 2, soon after fertilization. 
ovary bearing stigmas directly x 6. 
Gigantochloa ovary, style and stigma x 2. 
and stigmas x 2. Fig. 9. Oxytenanthera, 
Fig. 
Fig 
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Fig. 6. Gigantochloa ovary and base of style, x 6. 


Fig. 14. Oxytenanthera abyssinica, t.s. “ style ”. 


the style is rather long ( B. vulgaris). The 
hairs on the ovary and style are stiff and 
unicellular; those on the stigma are soft 
and multicellular (more than one-cell 
thick ). The ovary in Dinochloa is very 
small, but I believe it is of essentially the 
same nature as that of Bambusa. 

In Gigantochloa and Dendrocalamus the 
top of the ovary is much as in Bambusa 
but the style is always long, and usually 
there is only one stigma at the top of 
it. The style is terete, and quite slender 
only a short distance above the base 
( Pigs, 607 jc 

In Oxytenanthera abyssinica, type species 
of its genus, the hairy top of the ovary 
attenuates upwards very gradually into a 


T.s. ovary of Gigantochloa scortechinii Gamble, showing 6 vascular 
Fig. 2. Diagrammatic ls. ovary of Bambusa type. 
Fig. 4. Diagrammatic l.s. Bambusa fruit. 


Fig. 3. As 
Fig. 5. Bambusa 
Fig. 7. 


Fig. 8. Oxytenanthera abyssinica, ovary, “ style” 
diagrammatic 
10. Schizostachyum brachycladum, diagrammatic l.s. through ovary and base of “style”, 
. 11. Melocanna bambusoides, 1.s. fruit (after Stapf, 1904) 

virgatum, t.s. base of “style” (after Arber, 1934 ). 


lis. ovary and base of “style”, 


x %. Fig. 12. Cephalostachyum. 
Fig. 13. Schizostachyum brachycladum, t.s. 


(Figs. 9, 10, 13, 14 are based 
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more or less three-angled hollow structure 
which bears the stigmas at its apex ( Fig. 
8). This hollow structure is usually 
called a style, but it is quite different 
from the style of Gigantochloa and Dendro- 
calamus, and is more properly part of the 
ovary itself. The cavity of the “ style ” 
appears not to be continuous with the 
cavity which contains the ovule ( Figs. 
9, 14). This peculiar ovary structure 
appears to me to be the distinguishing 
mark of the genus Oxytenanthera, and I 
believe that the genus as so defined is ex- 
clusively African. The Asiatic’ species 
placed in Oxytenanthera by Munro and 
Gamble are either species of Dendrocalamus 
which have a stamen-tube (a majority ) 
or species of Gigantochloa. The fact that 
Munro could mix species of these two 
genera is an indication of the unsatis- 
factory nature of the fruit-characters by 
which he proposed to separate them. 

In the genera Pseudostachyum, Teinosta- 
chyum, Cephalostachyum, Schizostachyum, 
Ochlandra and Melocanna, the ovary is 
very uniform in external appearance. 
The top of the ovary, just above the ovule- 
containing cavity, is somewhat widened, 
and then it gradually narrows upwards to 
form an almost terete and perfectly 
smooth rigid structure bearing three short 
stigmas at its apex (Fig. 17). This rigid 
prolongation of the top of the ovary 
(usually called a style) is a little longer 
than the palea at the time of flowering and 
so its top is clearly visible. In Schizos- 
tachyum the “style” is usually almost 
terete in a fresh flower, but it shrivels on 
drying to give an irregularly angled ap- 
pearance; and it may be that this structure 
is always somewhat angled in some of the 
other genera, which I have not seen in a 
fresh condition. In S. brachycladum at 
least, this “ style ‘’ is hollow, and within 
it is a free central strand of tissue con- 
necting the ovary proper with the stigmas 
(Figs. 10, 13). Munro thought that this 
free central strand of tissue was the true 
style; he called the outer wall of the 
cavity a “ perigynium ”, but it is cer- 
tainly a part of the top of the ovary and 
not a separate structure, as was long ago 
pointed out by Kurz (1876). Munro 
figured it in Pseudostachyum ( in his Pl. 4, 
Bg 2) 
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So far as I can see, the outer wall of the 
“style” in Schizostachyum brachycladum 
has only three vascular bundles, which no 
doubt represent the three carpel midrib 
bundles. Dr Arber (1934, Fig. 41, p. 
118; Fig. 12 of present paper) shows also 
two other bundles in this upward ex- 
tension of the ovary in Cephalostachyum 
virgatum, these being presumably the two 
carpel-margin bundles which do not bear 
an ovule. I have not had the opportunity 
of dissecting fresh material of this species, 
but there is no doubt that externally the 
ovaries of all these genera have the long 
smooth rigid upward extension of the 
ovary projecting beyond the palea and 
bearing the three short stigmas (I would 
unite the genera Pseudostachyum, Teinos- 
tachyum and Cephalostachyum with Schizos- 
tachyum ). This upward extension of the 
ovary is quite unlike that of Bambusa, 
Gigantochloa and Dendrocalamus ; how far it 
is comparable with that of Oxytenanthera 
(sens. strict.) I am not sure, nor whether 
it always contains a free central strand of 
tissue (I certainly did not see a central 
strand in Oxytenanthera ). 

In Arundinaria (and apparently in 
other genera of Bentham’s first sub-tribe 
which I have not examined ) the top of the 
ovary is not thickened nor swollen and 
hairy; usually it bears the two or three 
stigmas directly, without a style. So far 
as I can see, the fruit also has a uniformly 
thin pericarp which is close to the seed; 
the top of the seed is not free, as it is in 
all the genera of sub-tribes 2, 3 and 4 
which I have seen. 

There are thus four main ovary-types: 
(1) Bambusa, with Gigantochloa and Den- 
drocalamus only slightly different and not 
certainly always so; (2) Oxytenanthera; 
(3) Schizostachyum and its allies; (4) Arun- 
dinaria and its allies. I suggest that these 
four types should give us the four main 
divisions of bamboos, but further inves- 
tigation of microscopic structure is desir- 
able to show the differences more pre- 
cisely. 

Now let us consider the genera with 
fruits which have a uniformly thick fleshy 
pericarp. We will begin with Melocanna 
bambusoides, as that is the only one which 
has been thoroughly studied. The ovary 
and spikelet structure are very much as in 
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Schizostachyum, for which reason I believe 
that Melocanna and Schizostachyum are 
closely related, but the fruit structure in 
the two is very different. The pericarp 
of Melocanna is quite thick, and the fruit 
is more or less pear-shaped externally, 
tapering to the remains of the “ style ” 
The seed is almost entirely composed of 
the scutellum (absorbing part of the 
cotyledon ) which during development of 
the seed absorbs all the endosperm except 
a thin film separating embryo from peri- 
carp (Fig. 11). The seed of Melocanna 
germinates while the fruit is still attached 
to the parent plant; the significance of this 
in relation to structure will be considered 
later. 

The internal structure of the fruit of 
Ochlandra has never been described. In 
structure of ovary and spikelet Ochlandra 
is, like Melocanna, very near Schizostach- 
yum (differing only in the much larger 
number of stamens, some of which may 
also form additional lodicules ). 

The fruits of Melocalamus compacti- 
florus are very different in appearance from 
those of Melocanna. When dried whole 
for preservation in the herbarium, they 
are more or less spherical, with diameter 
1-5-2-5 cm. After soaking in water, the 
pericarp of such a specimen becomes soft 
and fleshy, but it does not separate readily 
from the seed, nor is it nearly so thick in 
proportion to the size of the seed as in 
Melocanna. No detailed examination of 
the structure of the fruit and seed has been 
made. Inspection of a dried fruit cut 
into two suggests that the embryo is pro- 
bably like that of Melocanna; and the in- 
formation given by Stapf ( 1904, p. 403) 
that Melocalamus seeds also germinate 
while attached to the parent plant is in 
conformity with this. 

McClure (1936a) has proposed the union 
of Melocalamus with Dinochloa, but I 
believe he was mistaken in so doing. He 
stated that in both cases there is a single 
perfect floret, and leaves one to infer that 
the discrepancy between this statement 
and former descriptions is due entirely 
to his having a different concept of the 
term spikelet. I have dissected two or 
three spikelets of Melocalamus compacti- 
florus (the only species), and find that 
there are certainly two ( sometimes three ) 
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perfect florets ( one can see this in the type 
specimen without needing it to dissect ), 
and also a rudimentary terminal one ( not 
present in Dinochloa, and not mentioned 
by McClure); Dinochloa always has one 
perfect floret and neither rudimentary 
floret nor extension of the rachilla. The 
spikelet of Melocalamus is very much like 
that of Dendrocalamus asper but more 
reduced, and without seeing the fruit I 
would certainly put Melocalamus com- 
pactiflorus into the genus Dendrocalamus, 
though the ovary is much nearer to that 
of Bambusa, with a short thick style and 
three long stigmas. Certainly the ovary is 
nothing like that of Schizostachyum. I 
would agree that Dinochloa and Melo- 
calamus both probably belong to the 
Bambusa-Dendrocalamus group of genera, 
but I think that they should rank as quite 
separate genera. The “generic charac- 
ters ” listed by McClure seem to me of 
doubtful significance as compared with 
the spikelet characters which he omits 
to mention. 

In Dinochloa the spikelets are usually 
even more reduced in size than in Melo- 
calamus; in D. scandens the lemma and : 
palea of the single floret are no more than 
4 mm long. The small floral parts are 
enclosed by the palea, but the ripe fruit 
protrudes and is considerably longer than 
the palea. The type species is D. tjan- 
korreh ( Schult.) Buse from Java; but an 
earlier name was Bambusa scandens Bl. 
(accepted as a synonym by both Buse 
and Schultes). Backer (1928) uses the 
name D. scandens ( Bl.) OÖ. Ktze, and con- 
siders that there is only one species in 
Java. Ihave not seen a fruit from Java. 
Dr C. G. G. J. van Steenis has kindly 
looked over the many herbarium speci- 
mens of this species in the Leiden her- 
barium, and finds, among those from Java, 
only two imperfect fruits. These fruits 
are small, ovoid, shining and brown, and 
so agree with Backer’s description ( 1928, 
p. 289 ); they agree also with a more per- 
fect fruit of D. andamanica Kurz at Kew. 
That fruit is similar in structure to a fruit 
of Dendrocalamus strictus, differing chiefly 
in having a somewhat larger embryo 
( Backer says the embryo is 4-4 of the 
length of the fruit, and this would agree 
with the Kew specimen). But there is a 
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climbing bamboo in Borneo and the 
Philippines, called D. scandens by Gamble 
(1910), which has a quite different 
fruit. This fruit is spherical, up to 10 
mm in diameter when dry, witha wrinkled 
surface. The pericarp, of almost even 
thickness throughout, separates easily 
from the seed. When the two are se- 
parated, there is a thin layer of more or 
less gelatinous matter ( soft when wetted ) 
lining most of the interior of the pericarp. 
Apparently this was interpreted by 
Gamble as the scutellum; but it appears to 
me more probably to represent the re- 
mains of the endosperm, which has almost 
all been used up by the developing embryo, 
as in Melocanna. There is, however, no 
indication that the seed germinates while 
the fruit is still attached to the parent 
plant. 

It seems to me, therefore, that there are 
two types of fruits among species which 
are at present referred to Dinochloa: a 
small fruit with a firm smooth pericarp 
and a normal Gramineous seed consisting 
mostly of endosperm; and a larger 
spherical fruit with a fleshy pericarp, 
wrinkled when dry, and a seed which ap- 
pears to consist almost entirely of scutel- 
lum (part of the embryo). Whether 
these two fruit types should remain in 
one genus is a matter which needs further 
careful consideration. So far as I can 
see, there is no clear difference of spikelet 
structure of a kind which would normally 
rank as a generic difference. A careful 
study of vegetative differences needs to be 
made. For this purpose, the most im- 
portant parts are culm-sheaths, which are 
not represented in herbarium specimens 
seen by me. 

At this point I must call attention to 
the fact that the fruit of Schizostachyum 
acutiflorum Munro [now called S. dıffu- 
sum (Blanco) Merrill, though earlier 
called Dinochloa diffusa by Merrill] is 
externally like that of the Philippine and 
Bornean bamboos called Dinochloa scan- 
dens» by Gamble. I have dissected a 
spikelet of this species, and find it very 
unlike typical Schizostachyum (the type 
species is S. blumit Nees, described in de- 
tail by McClure in 1936b) in shape of 
palea and ovary. The palea quite lacks 
the two elongate points at the apex which 
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are characteristic of every species of 
Schizostachyum known to me; the double 
nature of the apex of the palea in S. acuti- 
florum is only just distinguishable, as it 
is in Dinochloa ( Bentham said there was 
no palea in Dinochloa, but he was certainly 
mistaken ). The ovary of S. acutiflorum 
has a narrowly attenuate glabrous apex 
a little wider than the hollow basal part, 
and this apex is suddenly constricted to a 
slender terete slightly hairy style bearing 
three stigmas; this arrangement is very 
much like that of the Philippine Dino- 
chloa, but with all parts enlarged. I 
believe that this species is congeneric 
with the species from the Philippines 
called Dinochloa scandens by Gamble 
(1910). It was on the evidence of the 
fruit of this curious species that Munro 
based his description of the fruit of the 
genus Schizostachyum. 

Whether or not there are two distinct 
genera combined in Gamble’s concept of 
Dinochloa, there remains the question of 
whether they are closely related to Schizo- 
stachyum, as all authors have hitherto 
considered. As above noted, the ovary of 
the Philippine Dinochloa which has a 
fleshy fruit is very much like that of a 
Bambusa and not at all like that of a 
Schizostachyum; the long rigid “ style” of 
the latter is certainly not present. My 
inclination, therefore, is to regard Dino- 
chloa (and with it Schizostachyum acuti- 
florum Munro) as related to Bambusa; 
the spikelet has become reduced from the 
Bambusa condition by loss of the terminal 
rudimentary floret and the rachilla-ex- 
tension which bears it. 

Taking all the bamboos with fleshy 
pericarp, it thus seems that two of them 
( Melocanna and Ochlandra, certainly 
closely allied) are related to Schizosta- 
chyum, and that two ( Melocalamus and 
Dinochloa) belong to the Bambusa- 
Dendrocalamus alliance but are not very 
closely related. As Munro remarked, 
there is nothing in the flowering spikelet 
of Melocanna to distinguish it from 
Schizostachyum; and the only difference in 
Ochlandra is the presence of additional 
stamens. Therefore, it seems that gene- 
tically the step from thin dry pericarp 
to fleshy pericarp (or vice versa? ) 
cannot be a very large one, The same 
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conclusion may be drawn from the pre- 
sence of dry and fleshy pericarp within the 
genus Dinochloa. It appears to me, there- 
fore, highly probable that Melocanna and 
Ochlandra, Melocalamus, and Dinochloa, 
represent the development of a fleshy 
pericarp on at least three distinct evolu- 
tionary lines; or alternatively that they 
represent the persistence of a primitively 
fleshy pericarp on three distinct lines. 
This matter is discussed further at a 
later stage. 


Spikelet Structure 


It is always considered, and I think 
rightly, that a many-flowered spikelet is 
primitive in the family Gramineae; and 
that spikelets with one or two flowers 
(e.g. in the panicoid grasses) represent 
reduced conditions. It is also clear that 
such reduction has occurred on many 
evolutionary lines, and it is interesting to 
find that it has occurred even among 
bamboos which are otherwise regarded 
as primitive (e.g. Melocanna ) as well as 
in grasses, 
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Genera which have many-flowered spike- 
lets are Arundinaria, Bambusa, Guadua 
and Schizostachyum (sens. lat. including 
Teinostachyum ). The genus Schizosta- 
chyum also includes species with one- 
flowered spikelets, or more usually one 
perfect flower and one rudiment. A 
special kind of reduced condition is shown 
by Gigantochloa and Dendrocalamus. Here 
the rachilla is very short, its internodes 
being commonly less than 0-5 mm long, 
and it is not articulated; the lemmas and 
paleas of the lower florets are shorter 
than those of the upper ones, so that their 
tips occur at different levels ( Fig. 18). 
Such spikelets have as many as six flowers 
in a few cases, but more commonly a 
smaller number, and in a few cases only 
one. 

At the base of a bamboo spikelet are 
commonly one or more empty glumes, 
but the arrangement in most cases is not 
so precise as in grasses; and below the 
empty glumes there are other glume- 
like bracts each of which encloses a bud. 
These bud-bearing bracts are separated 
from the glumes by very short internodes, 
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Fics. 15-21 — Fig. 15. Schizostachyum brachycladum, perfect floret with rudimentary floret 
on slender rachilla-extension behind the palea, showing slight keels near apex of palea only x 5. 
Fig. 16. Same, a lower floret (not always produced ), showing 2 keels throughout length of palea, 


and rachilla-internode x 5. 


Fig. 17. Same, ovary and stigmas. Fig. 18. Dendrocalamus, dia- 


grammatic l.s. through pseudospikelet, showing short unjointed rachilla bearing 4 unequal lemmas, 
and below them 2 empty glumes and 3 bud-bearing bracts, with 2-keeled prophyll at base ( floral 


parts omitted ). 


Fig. 19. Dendrocalamus flagellifer, diagrammatic t.s. spikelet above level of 
rachilla, showing unkeeled uppermost (innermost ) palea (adapted from Arber, 1934 ). 


Fig. 20. 


Diagrammatic l.s. a grass spikelet (Bromus type), showing lemmas and paleas and the 2 


glumes. 


Fig. 21. Same, section through primary spikelet-bearing branch ( pseudospikelet ) of 


Bambusa, showing rudimentary terminal floret, 6 perfect florets, one empty glume, 3 bud-bearing 


bracts and prophyll; sheath from main axis removed. 
spikelet has been turned through one right angle. ) 


(In Figs. 18, 20 and 21 the plane of the 
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and are not distinguishable from glumes 
apart from the buds in their axils. These 
buds may grow into new spikelets, which 
again may branch at the base. Thus a 
consideration of the base of a spikelet 
involves consideration of the branching 
of the inflorescence as a whole; it will be 
dealt with in a separate section below. 
Here we will consider only the possible 
changes in the apex of a spikelet. 

In Arundinaria and Bambusa the apical 
floret of the spikelet is usually imperfect, 
often variable in form on the same plant. 
It is borne on a continuation of the 
rachilla much like the lower rachilla 
internodes but usually somewhat more 
slender. The palea of the uppermost 
perfect floret has its back opposed to the 
rachilla continuation with its rudiment; 
that palea is two-keeled, like all the other 
paleas. 

In Dendrocalamus, the uppermost floret 
is usually a perfect one, but in some cases 
there is a rudimentary floret above the 
perfect one. In the former case, the palea 
of the uppermost perfect floret is unkeeled 
(Arber, 1934, p. 114, Fig. 38; Fig. 19 of 
present paper ). If there is a rudimentary 
floret beyond the perfect one, the palea 
of the latter is more or less two-keeled, 
at least near its apex; the condition is 
variable even in the same inflorescence. 
It seems, therefore, that in the genus 
Dendrocalamus the reduction process of 
eliminating the imperfect terminal floret 
is incomplete. In the closely allied genus 
Gigantochloa, the terminal floret is re- 
presented always by a long lemma with 
infolded edges (not on a rachilla-ex- 
tension ), lying behind the palea of the 
uppermost perfect floret; that palea is 
always two-keeled. 

The question of the presence or absence 
of two keels on the palea of the upper- 
most (or sole) perfect floret has been 
considered one of major importance by 
some authors. In the genus Nastus there 
is one perfect floret ( with several empty 
glumes, of increasing size, below it) and 
beyond the floret an extension of the 
rachilla bearing a rudimentary floret; the 
palea of the perfect floret is two-keeled 
as usual. In Chloothamnus the spikelet 
structure is identical with that of Nastus 
(and the ovary structure also ) but there 
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is no extension of the rachilla beyond the 
perfect floret, and the palea of that floret 
lacks keels. Henrard (1936), in dis- 
cussing the relationships of Chloothamnus, 
considered that a relationship with Nastus 
was out of the question, because of this 
difference in the palea, and for no other 
reason. He considered that the species 
Chloothamnus productus Pilger could not 
belong to the genus because it does have a 
rachilla extension; but I would see in it 
a connecting link between the two genera, 
which have similarity not only in spikelet 
form (apart from the rachilla extension ) 
and ovary structure, but also in the form 
of the inflorescence, which is a panicle. 
The presence of keels on the palea of the 
uppermost perfect floret is dependent on 
the presence or absence of a rachilla 
extension (or of a rudimentary floret ) 
beyond it; the two conditions are cor- 
related and should be regarded as one. 
There are all degrees of reduction in the 
rachilla extension and its rudiment; this 
fact is seen well within the single genus 
Schizostachyum. In some species (e.g. 
S. brachycladum ), there is always a fairly 
long (though slender ) rachilla extension 
and a rudimentary floret several milli- 
meters long upon it; in other species the 
rudiment is sometimes so small as to be 
hardly recognizable ( S. longispiculatum ) ; 
in others the rudiment is sometimes 
present, very slender and- short, but 
usually lacking (S. jaculans). Where 
there are two or more perfect flowers in 
the spikelet, the uppermost one has a 
palea rolled closely around the floral 
parts and keeled only slightly near the 
apex (as in one-flowered spikelets, Fig. 
15), while the lower florets have a palea 
grooved to the base, with the sides of the 
groove more or less keel-like ( Fig. 16). 
In the species S. brachycladum there are 
both one-flowered and two-flowered spike- 
lets in the same spikelet-group. 
SUMMARIZING—In the genus Bambusa 
there is always an imperfect terminal 
floret and the uppermost perfect floret has 
a fully two-keeled palea; in Dendro- 
calamus and Schizostachyum the presence 
of a rudimentary floret is variable and 
the condition of the palea of the upper- 
most perfect floret also variable; and in 
Dinochloa the imperfect terminal floret is 
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always lacking, the palea never two-keeled 
( though its apex is just detectably double, 
indicating its origin, a point overlooked 
by Bentham, who stated that there was 
no palea in Dinochloa ). 


Union of Filaments to Form a Tube 


A tube in place of separate filaments of 
the stamens is present in the genera 


Gigantochloa, Dendrocalamus, Oxytenan- 
thera (sens. strict Africa only) and 
Schizostachyum (sens. lat.). If we take 


ovary structure as a main basis of dis- 
tinguishing different groups of bamboos 
(as I do in delimiting the genera just 
mentioned ), this indicates that a union 
of filaments has taken place on at least 
three different evolutionary lines. We 
also find that, within the genus Dendro- 
calamus, some species have a filament 
tube and some have not (the former 
species were placed by Munro and 
Gamble in Oxytenanthera); in spikelet 
structure as well as form of ovary the 
species with a filament tube are just like 
those with free filaments. The only 
genus I know in which a filament tube is 
universal is Gigantochloa. Thus the pre- 
sence of a filament tube is not by itself a 
satisfactory character for the distinction 
of a genus ( Holttum, 1946, p. 341). 


Inflorescence Structure 


In the bamboos of Bentham’s sub- 
tribes 2 (except Nastus), 3 and 4, the 
spikelets are borne in close tufts at the 
nodes of slender ultimate branches. In 
the genera of sub-tribe 1 (and also of 
Nastus ) the spikelets are borne in panicles 
which differ from the panicle of Phrag- 
mites principally in having a bract and a 
prophyll at every branching. The prob- 
lem is to show the relationship between 
the panicle of Arundinaria and the 
spikelet tufts of Bambusa, etc. This in- 
volves a consideration of the nature of the 
branching in the spikelet tufts. The only 
person who has attempted to describe this 
branching is McClure (1934, 1935), 
who studied it in Schizostachyum. In 
essentials it is the same in all the other 
genera, though doubtless there are dif- 
ferences in detail. 
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The branching of a spikelet tuft is 
difficult to understand, because the first 
internodes of any branch are very short, 
and buds arise very close together at the 
nodes of the basal part of every such 
branch. There is one primary branch, 
arising from the bud in the axil of a sheath 
on the main stem bearing the spikelet 
tufts. Each primary branch ends in a 
spikelet; at its base is first a two-keeled 
prophyll, then one or more bracts with 
axillary buds, then usually one or more 
glumes which have no axillary buds, and 
then the lemmas with flowers in their 
axils (Fig. 21). The buds in the axils 
of the basal bracts on the primary branch 
soon grow into secondary branches ( they 
may grow before the primary branch is 
complete ), and similar buds are formed at 
the bases of secondary branches; these 
latter buds will grow into tertiary 
branches. As all basal buds are very 
close together, the result is a very close 
tuft of branches, each ending in a spikelet. 
This branching process may continue for 
some weeks or months, and in such a 
developing tuft there are spikelets (i.e. 
ends of branches) of all ages, and the 
stumps of former spikelets which have 
fallen. In some bamboos the process 
stops rather soon, and there are never more 
than a few spikelets in each tuft; but in 
others (e.g. some species of Dendro- 
calamus ) the tufts are very dense. 

It would be almost impossible to ob- 
serve accurately the complete series of 
branching in one of the very dense tufts 
of Dendrocalamus spikelets, but the es- 
sentials of the process are clear, and I 
have tried to show them in a simplified 
diagram in which the very short lower 
internodes are lengthened, and the branch- 
ing is shown all in one plane ( Fig. 22). 
In this diagram, the branching is made 
symmetrical; but no doubt it is often 
asymmetric, as McClure found in the parti- 
cular system of flowering branches which 
he investigated. 

If one were to elongate the internodes 
still further, one would have a panicle 
similar in essentials to the panicle of 
Arundinaria. If one further removes 
the bract and prophyll at the base of each 
branch, one would have an ordinary grass 
panicle. It seems to me probable that 


Fic. 22 — Diagram of a few branched 
spikelet tuft of Bambusa, with basal internodes 
lengthened and all branches brought into one 
plane; outlines of spikelets dotted; sheath from 
main axis removed. 


grass panicles in fact evolved in this way 
( there are a few kinds of grasses in which 
rudiments of the bracts and prophylls 
persist ). And I believe that the evolu- 
tionary step from spikelet tuft to panicle 
probably occurred on more than one line 
of development. In the genera Nastus 
and Chloothamnus ( which I believe should 
be united ) there is a panicled inflorescence 
of the Arundinaria type, but the ovaries 
of the flowers are Bambusa-like and there 
are six stamens. It could, of course, be 
that Nastus is a half-way stage in the 
evolution of Arundinaria from a Bambusa- 
like ancestor, but I think it more likely 
that Nastus is a separate evolutionary 
line. I have in manuscript a description 
of a new genus Racemobambos, in which 
there is a raceme, not a panicle, of 
spikelets, and this may be another line of 
evolution. 

A most significant fact which I have 
never seen mentioned is that the branching 
of a spikelet tuft is exactly on the same 
pattern as the vegetative branching at the 
node of a bamboo culm. There also the 
main branch has very close nodes at its 
base, and from some of these develop 
branches of the second order; there may 
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also be branches of the third and fourth 
order, and the lowest internodes are in 
all cases so short that the whole group of 
branches has the aspect of a dense tuft, 
all the parts of which appear to spring 
from the node of the culm. As in the 
spikelet tuft, there is a two-keeled pro- 
phyll as lowest leaf on each new branch. 
The spikelet tuft is thus a special develop- 
ment of the normal mode of branching 
of bamboos. 

_ It seems to me clear that the panicle 
1s a development from the spikelet tuft, 
and not vice versa. The development of 
the panicle is one of specialization of the 
spikelet as a separate unit ( with always 
two empty glumes at the base) and of 
loss of parts ( basal bracts and prophylls ). 
The reverse processes would seem to be 
highly improbable. 

McClure ( 1934) has proposed the term 
pseudospikelet to indicate a branch of a 
spikelet tuft. Such a branch has bud- 
bearing bracts at its base, and this part 
of it has no counterpart in the grass 
spikelet (compare Figs. 20 and 21); the 
spikelet proper begins at the empty 
glumes. In many bamboo species the 
number of glumes in a spikelet is variable; 
in some there are no empty glumes. 
Empty glumes can originate in two ways: 
either from a basal bud-bearing bract 
that has lost its bud, or from a lemma 
that has lost its palea and’ floral parts. 
There is no way of deciding which is the 
origin in any particular case; but it is 
evident that the development of empty 
glumes proved useful when, by elongation 
of the internode below them, the spikelet 
became a distinct entity, separated from 
the basal parts of the pseudospikelet. 
The glumes then served their purpose of 
enclosing and protecting the developing 
flower-bearing part of the spikelet. 


Branching of the Rhizome in 
Bamboos 


The rhizomes of Malaysian genera of 
bamboos are all, so far as I know, sym- 
podial in branching. A bud which is to 
form a new culm arises at the base of an 
old culm; its first growth is horizontal, 
bringing its tip clear of the parent culm, 
and then it grows upwards. The short 
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horizontal growth, with short internodes, 
forms the root-bearing rhizome. Such a 
bamboo will form a close tuft of culms, 
the closeness depending on the horizontal 
length of each new growth. In the genus 
Gigantochloa the culms of the clump are so 
close that they often touch each other; 
in Bambusa vulgaris they are distinctly 
spaced. 

In some species of Arundinaria (in the 
broad sense ) there are horizontal under- 
ground runners of indefinite length; these 
runners bear erect culms as lateral 
branches, and are in fact monopodial 
rhizomes. Such a bamboo does not form 
close tufts of culms, but may produce new 
culms some distance from the old ones. 
A similar arrangement is found in many 
grasses ( the runners often above ground ). 
It is another evolutionary change that may 
well have happened on different evolu- 
tionary lines. 


Evolutionary Trends in Bamboos 


As in other families of plants, there 
have thus been similar evolutionary deve- 
lopments on different evolutionary lines 
within the natural group of bamboos. 
This kind of thing always makes for 
difficulty in understanding natural re- 
lationships, and probably no scheme of 
classification which aims at being natural 
will ever be a final one. And I am not 
sure that it is possible to define precisely 
the boundary between bamboos and the 
pooid grasses; such grasses may well 
have developed on different lines from the 
bamboo condition. 

In order to decide what kinds of deve- 
lopments may be regarded as conver- 
gent evolution occurring on different lines, 
one must first have some concept of a 
primitive condition for the group. I will, 
therefore, attempt to state what I think 
a primitive bamboo was like, and the 
kinds of evolutionary developments which 
have occurred to produce the bamboos 
and their relatives we have today. 
Much of what follows is for convenience 
put in the form of a definite statement; 
but it is to be regarded as no more than 
a hypothesis. 

The primitive bamboo had a sympodial 
rhizome, each new rhizome element turn- 
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ing upwards at its tip to form an erect 
stem. This is an almost universal con- 
dition among monocotyledons, and in my 
view a direct consequence of the lack of a 
cambium ( Holttum, 1956). Monopodial 
runners have developed in some genera 
of Bentham’s sub-tribe 1, which in other 
respects are specialized, probably on more 
than one evolutionary line, and in many 
grasses. 

The culms of the primitive bamboo were 
woody and hollow, supported and pro- 
tected during their elongation by rigid 
sheaths ( modified leaves). This type of 
culm must have developed from a smaller 
less woody type. The large rigid culm 
had a greater power of bearing branches 
than its smaller less woody ancestors; 
but the number of branches of a bamboo 
culm is also correlated with the small 
size of the leaves. The'primitive bamboo 
thus had woody culms bearing slender 
ultimate branches on them rather small 
leaves. A reduction in size of culm to the 
grass condition, with correlated reduction 
in branching, has occurred on several 
evolutionary lines. 

The first leaf on every branch of the 
primitive bamboo was a two-keeled pro- 
phyll backing on to the main axis. This 
kind of prophyll is found in many families 
of monocotyledons (e.g. it occurs uni- 
versally in Cyperaceae, which I do not 
think to be at all closely related to 
Gramineae; see Holttum, 1948). Such 
prophylis occurred at every branching 
of the whole plant, including all the ulti- 
mate branchings of the inflorescence, 
where the paleas are their relics. Pro- 
phylls have been lost at the branchings 
of the grass inflorescence, and this has 
probably happened on different lines. 
In some species of Arundinaria the pro- 
phylls on branches of the inflorescence 
are already reduced in size. An interest- 
ing case is Arundinaria prainii Gamble 
( for which a new genus should perhaps be 
established ), in which the inflorescence 
is in the form of a raceme (not a spikelet 
tuft) but the spikelets are very short- 
stalked and the prophylls are of normal 
size; the ovary is like that of Bambusa. 

In a grass panicle the whole inflorescence 
is protected when young by the sheaths 
of leaves, and only emerges when the 
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spikelets are already formed; emergence 
is due to intercalary growth of the part 
of the stem between attachment of the 
protective sheaths and of the spikelet- 
bearing branches. The protective func- 
tion of bracts and prophylis therefore is no 
longer needed, and the disappearance of 
these structures is to be correlated with 
that fact (as also in Zingiberaceae, see 
Holttum, 1950, pp. 125, 126). 

The appearance of a tuft of branches at 
each node of the culm, produced by re- 
peated branching at close low nodes, as 
above described for the spikelet group, 
was primitive in bamboos. The short 
basal internodes are a repetition of the 
short internodes at the beginning of each 
new culm, where roots are borne at every 
node and have to be numerous to supply 
the needs of a large branching culm. 
Evolution among bamboos has occurred 
by reduction in size of the branch groups 
(see Arber, 1934, p. 75); I would see those 
species of Arundinaria and its allies which 
have a smaller number of branches in 
each group, as derived from the much 
branched condition seen in genera of the 
Bambusa group. 

The primitive bamboo presumably had 
ligulate leaves, and the development of 
auricles on each side of the base of the 
blade, where it joins the sheath. It 
seems probable that the original function 
of the auricles was to strengthen the 
attachment of leaf to sheath; they still 
have this function in culm sheaths of most 
bamboos. In the evolution of grasses 
from bamboos, the auricles have mostly 
disappeared, but they remain for example 
in Oryza ( which also retains the primitive 
number of six stamens, but in a highly 
reduced and specialized spikelet ). 

The flowers of the primitive bamboo 
must have been small and simple in form, 
and this reduction probably accoum- 
panied the development of many slen- 
der branches. The flowers were produc- 
ed in the axils of bracts on the distal 
parts of shortened branches produced 
in tufts at the nodes, as at present in 
Bambusa. 

The primitive spikelet was many 
flowered; reductions from this to the few 
flowered or one flowered condition have 
occurred even among the existing bamboos 
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which have retained most of the primitive 
characters of the group (e.g. Schizo- 
stachyum and Melocanna), and have 
occurred independently in all the other 
groups of genera, including Chusquea in 
the Arundinaria group. 

The development of the closely tufted 
primitive spikelet group into a panicle, 
as above indicated, has been accompanied 
by a reduction in size of the whole plant, 
a reduction in the number of branches, 
and the development of the panicle as 
terminal on a branch instead of occurring 
at every node as do the spikelet tufts; 
a terminal panicle can develop inside the 
sheaths of the leaves of the lower part of 
the branch, and (as above noted ) this 
development made the bracts and pro- 
phylls at the branching of the panicle 
redundant. The lengthening of the stalks 
of the individual spikelets also permitted 
a greater separation of the flowers than 
is possible in a spikelet tuft. This evolu- 
tion of the panicle, seen in Nastus and 
Arundinaria, also in those genera which 
are on the border line between bam- 
boo and grass (e.g. Atractocarpa and 
Puelia ), has certainly occurred on var- 
ious lines. 

Many existing bamboos flower at every 
node of every small branch, producing no 
normal leaf blades on the whole flowering 
culm; I would regard this as a specialized 
development connected with seasonal 
flowering. The primitive condition would 
seem to be that now normal in several 
species of Malaysian Schizostachyum, in 
which every branchlet is leafy (with 
normal blades), the spikelet tufts oc- 
curring at the few most distal nodes on 
many branchlets, flowering being often 
continuous. This condition could easily 
be modified to that of a terminal panicle 
on each leafy branchlet. 

The primitive bamboo was evolved 
from plants with larger flowers, on se- 
parate pedicels, the flowers having a full 
complement of parts. The individual 
pedicels disappeared in the development 
of the spikelet, and simultaneously oc- 
curred the reduction of the perianth, the 
protective functions of which were per- 
formed (when the pedicel had disap- 
peared) by the bract and prophyll 
(lemma and palea). Dr Arber remarks 
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( 1934, p. 117): “ if the bamboo flower is 
to be described on the typical monocoty- 
ledonous scheme, the lodicules may be held 
to be an inner whorl of perianth-members, 
the outer whorl being absent” (it is 
especially the protective function of the 
outer whorl, or sepals, which has been 
taken over by lemma and palea); and 
further: “the idea that lodicules are 
of perianth nature is confirmed by the 
fact that members intermediate between 
stamens and lodicules may sometimes 
be found ” (such intermediates are fre- 
quent in Schizostachyum, especially in 
S. longispiculatum, and abundant in 
Ochlandra where there are always many 
stamens). The lodicules of the primitive 
bamboos were like small petals, probably 
not much different from those now seen 
in Schizostachyum and allied genera, 
where they are almost equal and sym- 
metrically placed ( Arber, 1934, Fig. 43E, 
p. 119). Evolution by total loss of 
lodicules has occurred in some species of 
several groups of bamboos (including 
Schizostachyum itself ); also evolution by 
unequal development of the lodicules, 
and by a specialized development of the 
base of two of them, which is swollen and 
at least in some cases helps to separate 
lemma and palea at anthesis. In most 
grasses only these two lodicules survive, 
and they have lost the thin petaloid 
apex. 

The ovary of the primitive bamboo had 
one ovule laterally placed, and probably 
evolved from ancestors with a tricarpellary 
ovary having parietal placentation. The 
size of the ovary was also probably re- 
duced in the evolution of the primitive 
bamboo, as part of the general reduction 
in size of the flower; the ovary retained a 
more or less massive apex but the side 
walls of the cavity were thin. Later 
evolution consisted in the development 
of the apex of the ovary in various ways. 
In Arundinaria and its allies this apex 
is much reduced, as it is in nearly all 
grasses; but a relic of the bamboo ovary 
apex may perhaps be seen in some grasses, 
for example in Bromus and Hordeum 
( both belonging to the sub-family Pooi- 
deae ). 

There are two possibilities as to the 
nature of the fruit of the primitive 
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bamboo. It might have been small and 
very much like the fruit of Dendrocala- 
mus, enclosed when ripe by the lemma 
and palea. Such a fruit may have evolved 
from one with a fleshy pericarp; but as a 
dry fruit (with a fairly massive top se- 
parated by a distinct gap from the seed ) 
is now almost universal among the bam- 
boos which belong to the group with most 
primitive other characters, this kind of 
fruit may quite possibly have been that 
of the primitive bamboo, One would then 
see the large fruits of Ochlandra, Melo- 
canna, Melocalamus and Dinochloa as 
special developments on different evolu- 
tionary lines; there is no doubt that the 
genera Melocanna and Melocalamus are 
not very closely allied. On the other hand, 
these peculiar fruits may be due to the 
persistence, on different lines, of a con- 
dition general among primitive bamboos. 
This latter idea will next be considered 
more in detail. 

The morphology of the embryo in 
Gramineae presents very complex prob- 
lems, excellently discussed by Dr Arber 
( 1934, pp. 229-247). The peculiar struc- 
ture of the scutellum and its appen- 
dages is now universal (with small 
variations in detail) throughout the 
family Gramineae, and must have been 
part of the primitive bamboo. I believe 
it evolved from the normal monocoty- 
ledonous condition in which the single 
more or less cylindrical cotyledon is sur- 
rounded by endosperm (it seems to me 
a great mistake to introduce students 
to the structure of monocotyledonous 
seeds by using maize as the only exam- 
ple, as is sometimes done). The evolu- 
tion of the gramineous seed from a nor- 
mal monocotyledon seed involved two 
things: first, the development of the 
peculiar structures of the scutellum 
( coleoptile and coleorhiza ), and second, 
the position of the embryo at one end of 
the seed, with only an almost flat face 
of the scutellum in contact with the 
endosperm. 

Let us see how this problem looks when 
we consider Melocanna bambusoides as 
having a fruit and seed of a type primitive 
in bamboos. In this species the seed ger- 
minates while the fruit is still attached to 
the parent plant, producing leaves and 
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roots (see Stapf, 1904, p. 402; and I can 
corroborate this statement from having 
seen this species fruiting in the Singapore 
Botanic Garden). There is no stage cor- 
responding to that of a seed which is 
adapted for rest and dispersal. The pro- 
cess of growth of the embryo in Melo- 
canna is continuous; the first part of that 
growth corresponds to the development of 
a normal embryo in a seed, but there is no 
break between this process and the further 
development known as germination. In 
a germinating coconut the absorbing part 
of the cotyledon gradually swells until it 
occupies almost the whole cavity of the 
nut (Holttum, 1954, Fig. 1b, p. 17); 
the scutellum of Melocanna does exact- 
ly the same thing, but doesit at an 
earlier stage in the process of germi- 
nation. The peculiar structures which 
appear as appendages of the scutel- 
lum in other members of the family 
Gramineae are also present in Melo- 
canna. 

It is probably significant that in the 
quite different genus Melocalamus ger- 
mination also takes place while the fruit 
is attached to the parent plant (Stapf, 
p. 403). I can report another case, appa- 
rently of a second species of Melocalamus, 
of which Dr F. A. McClure gave me fruits 
in November 1953; he had found them 
in Indo China. These fruits were large and 
spherical, and they were germinating, as 
if they had had no period of rest. The 
dried fruits of Dinochloa I have seen on 
herbarium specimens do not show evi- 
dence of germination; they are smaller and 
may show differences of behaviour. They 
may even be intermediate in condition 
between Melocalamus and a dry fruited 
bamboo. 

Melocanna is doubtless adapted to life 
under peculiar conditions. The whole ar- 
rangement of fruit and seed is specialized 
and its parts co-ordinated (the fleshy 
pericarp protects and helps to nourish 
the developing seed and seedling); it is 
not something simple and primitive. 
Yet it may be that this was the condition 
of the first bamboo, living in a moist 
tropical climate such that in it a seedling 
falling to the ground could continue im- 
mediately with further growth without 
danger of desiccation. 
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We may suppose that the primitive 
bamboo lived in moist tropical conditions 
(the present distribution of bamboos of 
sub-tribes 2, 3 and 4 is almost exclusively 
tropical, with their greatest diversity in 
the region of Burma), and that it had 
fruits of the Melocanna type, with ger- 
mination on the parent plant. Along 
with increase in size and woodiness of 
culms, number of branches, and reduction 
in the size of leaves and flowers, may have 
come adaptation to seasonally drier con- 
ditions, and with it the evolution of a dry 
resting seed which contained endosperm. 
This may well have been accompanied by 
the development of a shape of embryo 
different from that of the embryo of the 
resting seed of the pre-bamboo ancestor; 
a shape now universal in Gramineae, 
apart from the large fruited bamboos. 
This embryo is concentrated at one end 
of the seed, and the interface between 
embryo and endosperm (the absorbing 
surface of the scutellum) is almost flat, not 
cylindrical as in most monocotyledons. 

If we postulate the condition of Melo- 
canna and Melocalamus as primitive, we 
must suppose it to have survived in a 
few genera on three evolutionary lines; 
genera which had previously evolved the 
distinct ovary forms now seen in the Den- 
drocalamus and Schizostachyum groups 
of genera. The further reduction in 
ovary form and the correlated develop- 
ment in the Arundinaria group of genera 
of the condition of a caryopsis, as found 
in most grasses, may also have occurred on 
more than one evolutionary line, but that 
is no more than a guess, and whether or 
not it is true would be very difficult to 
establish. 

In the following scheme, the genera 
which retain most primitive characters 
are placed first. As regards ovary form, 
there is no special reason for regarding 
type A as more primitive than type B or 
type C; type A is placed first because the 
lodicules are more petal-like in all genera 
than in genera of type C. The genera 
having type A ovary also are all tropical; 
some genera with type C ovary extend 
beyond the tropics, and those with type D 
ovary are mainly sub-tropical and tem- 
perate in distribution ( there are none in 
Malaya ). 
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A Suggested Scheme of Classification 


A. SCHIZOSTACHYUM TYPE OF 
ovary ( Figs. 17, 10, 13) 
Paricarp thick and fleshy 

throughout; one flower in 
spikelet 


Stamens 6; Burma region Melocanna 
Stamens more than 6; S. 
India and Ceylon Ochlandra 


Pericarp thin and dry, 
thickened slightly at apex 
only; one to many flowers 
in spikelet Schizostachyum 

(sens. lat.)* 


B. OXYTENANTHERA TYPE OF 
ovary ( Figs. 8, 9, 14) Oxytenanthera 


( sens. strict.) 


C. BAMBUSA-DENDROCALAMUS 
TYPE OF OVARY ( Figs. 2, 5, 
6,7) 

Inflorescence of spikelet tufts 
Pericarp of mature fruit 
uniformly thick and 
fleshy 
Spikelet with 2 or 3 
perfect flowers and a 
rudiment 
Spikelet with one per- 
fect flower and no 
rudiment 


Melocalamus 


Dinochloa 
(PP) 
Pericarp of mature fruit 
slightly fleshy at apex 
only 
Spikelet usually many 
flowered, always witha 
rudiment at the apex; 
internodes of rachilla 
elongate and jointed 
below each lemma; 
lemmas all equal 
Lower paleas deeply 
bilobed 
Lower paleas not 
deeply bilobed 
Tropical Asia 
Tropical America 
Spikelet 1-6 flowered; 
apical rudiment pre- 
sent or absent; ra- 
chilla-internodes al- 
ways very short and 
not jointed below 
lemmas; if several 
flowers, lower lemmas 
shorter than upper 
Style short, stigmas 
3; one flower and 
no rudiment be- 
yond it 


Thrysostachys 


Bambusa 
Guadua 


Dinochloa 
( P-P.) 
Style long, 
usually 1 


stigma 


*Including Teinostachyum, Pseudostachyum, 
Cephalostachyum and Neohouzeaua. 
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Uppermost flower 
perfect, or vari- 
ous typesofrudi- 
ments sometimes 
present; stamen 
tube sometimes 
present, always 
very delicate 

Uppermost flower 
always consisting 
of a narrow long 
empty lemma; a 
rather firm and 
very distinct sta- 
men tube always 
present 

Inflorescence a raceme or 
panicle 
Spikelets many flowered  Racemobambost 
Spikelets one-flowered Nastus 
(incl. Chloothamnus ) 


Dendrocalamus 


Gigantochloa 


D. ARUNDINARIA TYPE OF OVARY 
(top of pericarp not thickened ) 


I have not studied this group of bam- 
boos, which are mainly sub-tropical and 
temperate in distribution; and I have not 
seen fresh fruits of any of them. I have 
examined fresh ovaries of one species of 
Arundinaria, and judge from illustrations 
by Gamble and Camus that other species 
are similar. But it may be that some 
species which have been placed in this 
group of genera (e.g. Arundinaria 
prainii Gamble) have an ovary of the 
Bambusa type, in which case such species 
should be removed to group C. 

During the years from 1901 to about 
1935, several Japanese botanists studied 
the species of the Arundinaria alliance 
very intensively, and proposed various 
subdivisions of the old genus Arundi- 
naria, establishing a number of new 
genera. The last statement I have seen 
in English is that by Nakai (1925), 
but there appear to be later works in 
Japanese. Rehder (1940) adopted a 
modified scheme, admitting eight genera 
in place of Arundinaria of Munro. 

The characters used by Nakai and 
others to delimit genera in this group are 
in the main minor vegetative characters 
which may well have evolved on different 
lines by a process of parallel or conver- 
gent evolution. It is probable that 
natural subdivisions of Arundinaria ( sens. 


TA new genus, to be described in The Gardens’ 
Bulletin, Singapore, 
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lat.) exist, but they are certainly not easy 
to establish, and one would need to make 
a very thorough study, based on living 
plants, before being in a position to judge 
how far Nakai’s scheme is a natural one. 

The genus Chusquea, confined to the 
Americas, appears to belong to this group 
of bamboos. It is peculiar in having 
spikelets reduced to a single floret, where- 
as the species of Arundinaria (sens. lat.) 
have several to many florets. The genus 
Perrierbambos A. Camus, from Mada- 
gascar, has ovaries of the Arundinaria 
type, and a single perfect floret in each 
spikelet, but the inflorescence is apparently 
not panicled; I have seen no specimens. 

It appears to me that bamboos in 
group D represent a stage of evolution 
in the progression from the more primitive 
bamboos to grasses. The reduction in 
ovary form is generally accompanied by 
the evolution of a panicled inflorescence 
(this has already occurred in Nastus, a 
genus of group C). It is very likely that 
bamboos placed in group D on account of 
ovary form have reached that condition 
by development from different bamboos in 
condition C; e.g. Perrierbambos and Chus- 
quea have probably had origins from 
Bambusa-like ancestors different from the 
ancestors of the bamboos of the Arundi- 
naria alliance at present native in Japan. 
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Summary 


It is pointed out that the present system 
of classification of the bamboos, sup- 
posedly based on the structure of the fruit, 
does not correspond with the facts. Asa 
preliminary to the establishment of a new 
system of classification, a comparative 
account of the essentials of ovary structure 
is given, and a discussion on the develop- 
ment of fruits from ovaries in various 
kinds of bamboos. A comparative dis- 
cussion of spikelet structure, especially 
as regards the characters hitherto used to 
separate genera, leads to a discussion of 
the structure of spikelet tufts and the 
relation between a bamboo spikelet tuft 
and a panicle of spikelets in a grass such as 
Phragmites. It is pointed out that con- 
vergent evolution has probably occurred 
on different evolutionary lines in the 
structure of various parts of. bamboo 
plants, and possible evolutionary trends 
in these various structures are considered. 
A possible scheme of classification is 
suggested, based primarily on ovary 
structure, and the position of the more 
important genera in the scheme is in- 
dicated. Further work on the detailed 
structure of ovary and fruit in all genera 
is necessary to place this scheme ( or any 
modification of it) on a firm basis. 
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STUDIES IN GROWTH IN VITRO OF EXCISED OVARIES — 
I. INFLUENCE OF COLCHICINE ON THE EMBRYO AND 
ENDOSPERM IN PHLOX DRUMMONDII HOOK. 


M. ANANTASWAMY RAU 
Department of Botany, Central College, Bangalore, India 


Introduction 


The recent successful demonstration of 
the growth in vitro of fruits from excised 
ovaries has opened a new line of research 
in the investigation of morphological and 
physiological problems connected with 
fruit development. Nitsch (1951) has 
shown that excised tomato and gherkin 
ovaries could grow in vitro and form fruits 
which ripen and even produce viable seeds, 
at least in the case of gherkins. Earlier, 
LaRue ( 1942) had reported not only the 
rooting of excised flower parts in vitro but 
also the extensive growth of ovaries in 
several species of angiosperms, Accord- 
ing to Nitsch ( 1951), the general growth 
patterns of ovary growth im vivo and in 
vitro were the same though the size of the 
fruits grown in vitro was smaller than 
those left on the plant. 

The object of the present study was to 
find out the course of early embryogenesis 
and endosperm formation in the seeds of 
such excised ovaries and also to observ 
the influence of various chemicals on the 
developmental pattern of the embryo and 
endosperm. The effect of one of these 


chemicals, colchicine, is reported in this 
paper. 


Material and Methods 


Pollinated flowers of the following 
plants were used in the experiments: 
Phlox drummondu Hook., Brassica nigra 
Koch., and Phaseolus vulgaris L. Success- 
ful growth in vitro was obtained in all 
these species during preliminary trials 
and in view of the greater ease with which 
the flowers could be surface sterilized be- 
fore planting, Phlox drummondi was 
selected for further experiments. The 
cultures were maintained in an agar 
medium using pyrex brand test tubes, 
150 mm x 25 mm, as containers. 

The basic medium, following Nitsch 
(1951), was prepared as follows: 


mg/l 
Ca(NO;)2.4H,0 500 
KNO; 125 
MgSO,.7H,O 125 
KH,PO, 125 


Only two trace elements were added to 
the above solution, viz iron and manga- 
nese. One cc each of a 1 per cent solution 
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of manganese sulphate and ferric citrate 
were added to a litre of the mineral salt 
solution. Glass distilled water was used 
throughout in the ‘preparation of these 
solutions. Sucrose and agar were added 
to the extent of 5 per cent and 1 per cent 
respectively and the medium was auto- 
claved at 10 Ib. pressure for 20 minutes. 
The pyrex tubes had been previously 
cleaned in a potassium dichromate-sul- 
phuric acid cleaning solution, air dried 
and sterilized in a hot air sterilizer at 
150°C: 

The pollinated flowers were’ removed 
from plants grown in greenhouse and 
immediately placed in distilled water. 
The flowers usually remain open for two 
days on the plants, the corolla dropping 
out on the third day. The flowers used 
in the experiments were collected on the 
second day after unfurling to ensure that 
pollination had taken place. They were 
surface sterilized for ten minutes with a 
filtered 10 per cent solution of calcium 
hypochlorite ( obtained from the Imperial 
Chemical Industries ). Transfer of steri- 
lized flowers to the tubes containing the 
agar medium was done in a small aseptic 
chamber made of glass and the instru- 
ments used and rims of the culture tubes 
were flamed during the operation. In- 
dividual flowers were planted in the test 
tubes (each with about 15 cc of the 
medium ) which were plugged with sterile 
cotton. The pedicels of the flowers were 
cut with a sterile blade just before plant- 
ing. The above precautions effectively 
prevented contamination and some of the 
cultures have been maintained for more 
than two weeks in a healthy state. It 
was invariably noticed that two or three 
days after planting, the corolla tubes were 
forced out of the calyx due to the expan- 
sion of the ovary. 

Experiments were also conducted with 
media containing one of the following 
substances: colchicine (0-15 per cent), 
2, 4, 5-trichlorophenoxyacetic acid (2, 4, 
5-T) (0-01 per cent) and naphthoxy- 
acetic acid (NOA) (0-01 per cent). 
Parallel cultures were run with only the 
basic medium. The present paper deals 
only with observations made on the in- 
fluence of colchicine. All cultures were 
maintained at room temperature (28°C 
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to 30°C during day and 17°C to 19°C 
during nights) and exposed to indirect 
sunlight. Collections were made at inter- 
vals, fixed in formalin-acetic-alcohol and 
the sections prepared according to custo- 
mary schedule. 


Observations 


The course of endosperm and embryo 
development in cultures maintained on 
the basic medium with sucrose and agar 
was found to be similar to that observed 
in the case of normal plants. A linear 
proembryo of four cells is formed on 
account of transverse divisions in the 
apical and basal cells (Fig. 9). An 
epiphyseal initial is organized at the 
summit as a result of oblique divisions in 
the terminal cell, cc ( Figs. 10-12). Sub- 
sequent divisions in the derivatives of the 
four cells, cc, cd, m and ci of the proembryo, 
give rise to an embryo very similar to that 
reported for Polemonium caeruleum by 
Souéges (1939). Figs. 13 and 14 repre- 
sent embryos from cultures grown in a 
colchicine medium, and a comparison 
with Figs. 11 and 12 of embryos from 
cultures grown in the normal medium 
indicates that no significant variation in 
the developmental pattern has taken 
place. There is also close agreement with 
the developmental pattern described for 
Phlox embryos by Miller & Wetmore 
(1945). The oldest embryo obtained was 
in a 19-day old culture in normal medium 
and showed the torpedo stage ( Fig. 1 ). 

EXPERIMENTS WITH COLCHICINE — After 
preliminary trials with various concentra- 
tions of colchicine in the medium, a con- 
centration of 0-15 per cent was found to be 
most satisfactory for inducing changes in 
the endosperm and embryo without ad- 
versely affecting the general growth of 
the ovaries. The first visible changes 
resulting from the inclusion of colchicine 
in the medium are noticed in the endo- 
sperm three days after planting. The 
endosperm nuclei are markedly hypertro- 
phied and irregularities in mitosis are also 
noticed. The embryonal cells are, how- 
ever, normal and walls are laid in confor- 
mity with the usual pattern of Phlox 
embryos (Figs. 2, 14). By the seventh 
day after planting, the embryonal cells 


Fics. 1-4 — Fig. 1. Embryo from a 19-day old culture in normal medium. x 80. Fig. 2. Em- 
bryo and endosperm from a 3-day old culture in colchicine medium. x 210. Fig. 3. Seven-day old 
embryo in normal medium. x 210. Fig. 4. Same in colchicine medium. Note presence of 
chromosome groups in metaphase in one of the cells. x 210, 
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Fics. 5-8 — Fig. 5. Part of embryo from a culture in colchicine medium showing super- 
numerary nuclei in the cells. x 450. Fig. 6. L.s. seed showing endosperm cells and nuclei ( col- 
chicine medium). x 50. Fig. 7. An endosperm nodule. x 900. Fig. 8. L.s. swollen base of 
pedicel of flower planted in colchicine medium. X 40. 
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Fics. 9-14 — (ce and cd, the superior and 
inferior daughter cells of the apical cell of a two- 
celled embryo; m and ci, daughter cells of the 
basal cell of a two-celled embryo; d and f, 
daughter cells of m; e, epiphyseal part.) Fig. 9. 
Embryonal tetrad of C, category. Fig. 10. 
Oblique division in terminal cell, cc. Fig. 11. 


Embryo with epiphysis. Fig. 12. Later stage. 
Figs. 9-12 are from cultures grown in normal 
medium. Figs. 13, 14. Embryos from cultures 
in colchicine medium. All Figs. x 325. 


show various irregularities, the metaphase 
chromosomes frequently showing separa- 
tion into groups ( Fig. 4). This scatter- 
ing of chromosomes at metaphase was 
observed in several cells of the embryo 
and micronuclei were formed by reversion 
of different groups of chromosomes. As 
many as five or six nuclei were observed 
in some of the cells (Figs. 5, 16). A 
similar effect has already been described 
by Peters ( 1946) in the cells of root tips 
of Allium cepa under the influence of a 
0-5 per cent aqueous solution of sulfanila- 
mide and by Mehra ( 1949) in the pollen 
grains of Ephedra subjected to the same 
treatment. 

It was also noticed that occasionally, 
in a few cells of the embryo, some of the 
chromosomes remained as such though 
others had already formed one or more 
nuclei (Fig. 16). This observation is 
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again comparable to the findings of 
Mehra (1946, 1949) on pollen grains of 
Ephedra under the influence of colchi- 
cine and sulfanilamide. 

The overall size of the embryo and of 
the individual cells appear to be larger 
in a medium with colchicine (compare 
Figs. 3 and 4). The supernumerary 
nuclei in the cells of the embryo may be 
of various sizes, some being extremely 
small (Fig. 15). Ovaries, which had 
remained in a colchicine medium for more 
than 12 to 14 days, showed consider- 
ably malformed seeds and the embryos 
within them had aborted. It was, there- 
fore, not possible to find out the fate of 
the embryonal cells with supernumerary 
nuclei. Experiments are now being set 
up to transfer the ovaries from a medium 
with colchicine to one without it after 
about the seventh day, and it may be 
possible to obtain older embryos from 
which the fate of the supernumerary 
nuclei can be better understood. 

In spite of the striking changes seen in 
the nuclear complement of individual 
cells of the embryo, the general pattern 
of development of the embryo leading to 
the differentiation of the epiphyseal, 
cotyledonary, hypocotyledonary, hypo- 
physeal parts and even the small suspen- 
sor, appears to be very similar to that 
already described by Miller & Wetmore 
(1945) for Phlox drummondii and by 
Souéges (1939) for Polemonium caeru- 
leum. Wetmore (1950) also, working 
on cultures of apical meristems with 
several variations of the basic medium and 
the addition of growth accelerators, noted 
no significant variations of organization, 
the chief differences being in the rate and 
not in the pattern of development. Wet- 
more & Wardlaw (1951) in their review 
of experimental morphogenesis on vas- 
cular plants conclude: “ In short, the 
fundamental morphogenetic processes of 
the species are unaltered even though the 
rate of growth of development may vary. 
It emphasizes the fact that the genetically 
controlled developmental pattern is stable 
enough to withstand the extensive varia- 
tions in the nutritional environment.” 
The present study on the developmental 
pattern of the embryo fully supports the 
above conclusion. 
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Fics. 15-18 — Fig. 15. Seven-day old embryo 
from culture in colchicine medium showing cells 
with supernumerary nuclei. x 240. Fig. 16. Em- 


bryonal cells with micronuclei. x 485. Fig. 17. 
An endosperm nucleus. x 485. Fig. 18. Part 
of endosperm with a nodular organization. 
x 485. Figs. 17 and 18 are drawn from different 
parts of same embryo sac and at same magni- 
fication. 


The endosperm, as already indicated, 
shows considerable changes under the in- 
fluence of colchicine. Wall formation 
_ takes place in a centripetal manner and 
the cells are large and frequently possess 
more than one nucleus (Figs. 4, 6). 
Nuclear fusions are also seen and in several 
cases a large number of chromosomes 
were found to be scattered in the cyto- 
plasm. In a few seeds from ovaries, 
which had remained in the. colchicine 
medium for more than ten days, the 
endosperm nuclei had all aggregated along 
the sides of the embryo sac and some were 
aggregated into nodular groups ( Figs. 


7, 18). A distinct membrane could be 
seen around groups of three to four nuclei 
in these preparations (Figs. 7, 18). 
Large isolated endosperm nuclei ( Fig. 17 ) 
were sometimes seen in the same embryo 
sac with the rest of the endosperm in 
nodular groups. In seeds, which had 
remained in the medium for more than 
12 days, there was a degeneration of the 
endosperm. 

In. several cultures both in the normal 
medium and in colchicine the pedicels 
showed a swelling at the base. Sections 
of this globular swelling from a flower 
grown in a colchicine medium showed 
the same nuclear aberrations in the 
parenchymatous cells around the vascular 
bundle and in the cortical cells. No 
abnormal proliferation of any region was, 
however, found to be responsible for this 
swelling, this being entirely due to the 
abnormal enlargement of cells of the 
cortex (Fig. 8). 


Summary 


The present paper describes the tech- 
nique of the culture of excised ovaries in 
vitro and some of the preliminary results 
obtained in the culture of excised ovaries 
of Phlox drummondi on artificial media 
with and without colchicine. Consider- 
able changes are noticed in the nuclei in 
early embryogenesis and endosperm in 
the case of ovaries grown in a colchicine 
medium. Embryonal cells with super- 
numerary nuclei and endosperm nuclei 
showing a nodular organization are among 
the interesting features observed in this 
regard. The overall developmental pat- 
tern of the embryo is, however, not altered 
by the growth of ovaries on artificial 
media. 
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